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Abstract 
A controlled rather than an unreliable spontaneous in vitro flowering system of 
Gentiana triflora was established successfully. In vitro flower of gentian is of great 
similarity to in vivo flower, lending support to the former as an alternative in the 
proposed study on gentian flower physiology. The flowers can be obtained from more 
than 80% of the in vitro-cultured nodal explants in 12 weeks. Pulsing with 87.6 mM 
sucrose or 0.5 mM STS solution clearly improved bud opening and flower vase life in 
cut gentian. Total soluble sugar concentration increased markedly and starch content 
was obviously low in the petals after the sucrose treatment and this was confIrmed 
using radioactive 14C-sucrose pulsing treatment. Exogenous ethylene could induce 
autocatalytic ethylene production in gentian petal and resulted in shortened flower vase 
life, while ethylene production of the flowers could be suppressed by the sucrose or 
STS treatment. Amylase activities were signifIcantly higher in 3% sucrose (w/v) or 
0.5 mM STS treated flowers than in water treated control samples. Gentian flower 
senescence was associated with reduction of the protein content in the petals. Sucrose 
or STS pulsing treatment could increase protein content in the petals in comparison to 
that of water treated sample. A new polypeptide of low molecular weight was detected 
on SDS-PAGE gels used for analysis of the protein profIles of the petals treated with 
sucrose or STS. This suggested the possible changes in gene expression resulting from 
the pulsing treatments. Finally, a 931-bp cDNA fragment was obtained using a pair of 
primers designed from the conserved region of ACC oxidase gene sequences from 
several flowers using RT -PCR technique. Dot blot data suggested that ACC oxidase 
gene expression in the petal of cut gentian flowers could be suppressed by the 
administration of sucrose or STS. This indicated that changes in petal physiology in 
response to sucrose or STS were associated with ethylene-induced alterations in gene 
expression. Both sucrose and STS could be inhibitors of ethylene biosynthesis via 
regulating ACC oxidase gene expression. 
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Chapter 1. Introduction 
1.1. Introduction to Gentians 
1.1.1. The History of Gentians 
Gentians are characteristic of the flora in alpine regions. Their name is derived from 
Gentius, a king of Illyria in the Adriatic in the second century AD, who is always 
credited with having given his name to the family (Wagner, 1994). A more romantic 
story is connected with Ladishaus, King of Hungary (1440-1457). He prayed that ifhe 
shot an arrow in the air the Almighty should guide it to some herb that would relieve 
the suffering of his plague-stricken people - and it landed on a gentian. 
According to Bartlett (1981), by the sixteenth century the wonderful plant had been 
introduced to England and Robert Turner records that 'it resists poisons, putrefaction, 
and the pestilence and helps digestion'. In Switzerland, it was used as a cure for those 
who were bewitched and 'for those that had taken somewhat to fall in love with 
another body' . As an antidote to love G. lutea may have had some effect. Certainly 
the acrid essence distilled from its root is quite a knockout. The strong yellow drink 
Suze, which is popular in France and Switzerland, was originally made from it. The 
bitter spirit of gentians has been used instead of hops in Swiss beer, and a distillation 
from the marsh gentian G. pneumonanthe was once used, as its name suggests, as a 
curative for lung diseases. 
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In the present century gardeners have shown growing interest in gentians. The 
creation of natural alpine gardens within botanical gardens demonstrated the breadth 
and variety of the genus to a wider public, and led to the construction of numerous 
private rock gardens. Further interest was stimulated from the discovery of the 
Chinese autumn-flowering species by British plant hunters. Their introduction made it 
possible for gardeners to have gentians in flower continuously from early spring to late 
autumn. These new species brought completely novel shades of blue into the garden, 
including pure ultramarine blue and turquoise ones which are almost unknown in any 
other flower. Although most gentian flowers are blue, other colours such as violet, 
scarlet, pink, white, yellow, red and even green flowers are known to exist (Kohlein, 
1991). 
Over the last decade, a range of gentian cultivars has been cultivated as cut flowers; 
the majority originated from Japan (Nelson, 1995). Gentians have become established 
as a new cut flower crop in the world market. 
1.1.2. The Distribution of Gentians 
Gentians occur widely throughout the world. In North America they extend in the 
north from Alaska to Canada and the United States. Leaving the United States, they 
extend through Mexico and ultimately into South America. In South America, on both 
sides of the Equator, certain species are found in Colombia, Venezuela, Ecuador and 
Peru. Further south they are found in Chile, Bolivia, and Argentina as far as the 
Magellan Region. Throughout Europe more gentian species are found in nearly every 
country, even as far north as Nova Zembla; and right through the continent into Asia. 
The continent of Asia has a greater number of gentian species than the other continents 
(Wilkie, 1950). Their distribution extends through the northern part, from the Ural 
Mountains in the west to Kamcharka in the east, and in a southerly direction through 
Mongolia, Japan and China. India is also rich in gentians. Throughout Nepal, Bhutan 
and Burma there is a wonderful range of species. From there gentians are found 
throughout Siam, the Philippine Islands, and Malaya, and at the Equator they are found 
in Sumatra, Borneo, Celebes Island, Java and New Guinea. Continuing into Australia 
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and New Zealand, their distribution extends as far south as the Auckland Islands and 
Campbell Islands (Sorensen, 1951). Species have also been recorded from South 
Africa, from Sierra Leone and Morocco (Wilkie, 1950). Only the Middle East has no 
native gentian species (Kohlein, 1991). 
1.1 The Classification of Gentians 
Gentian is the common name of the genus Gentiana that belongs to the family 
Gentianaceae. It is of great interest both to botanists and laymen because of its large 
diversity and the beauty of the flowers of some species. Nelson (1995) indicated that 
there are 400 species in the genus. Only a few of these species are of economic 
importance. There is a range of cultivars of Gentians used for cut flower production, 
the majority of which were sourced from Japan (Nelson, 1995). 
According to Pringle (1978), the classification of the genus Gentiana began relatively 
early and goes back to the first names in Reneaulme's Specimen Historiae Plantarum 
in 1611 (Kohlein, 1991). Further attempts appeared in Linnaeus' Species Plantarum in 
1753, Necker's Elementa Botanica in 1790 and Froelich's De Gentiana Libellus 
Sistens in 1796. Froelich's classification was accepted, with minor modifications, by 
Lamarck and de Candolle in 1805 and used in the Flora Francaise. This was the first 
work in which the genus was subdivided into sections in the present sense of the word. 
Another writer who studied the question was Link (Enumeratio 1821-1822 and Hortus 
Regius 1829-1833). Dumortier divided the genus into five sections in this Florula 
Belgica in 1827. Further breakdown into ten subdivisions followed in Gaudin's Flora 
Helvetica (1828-1833). Bunge's monograph on the gentian in 1829, Grisebach's 
review of Gentianaceae in Hooker's Flora Boreali-Americanae and Grisebach's two 
major treatises on Gentianaceae (1838 and 1845) resulted in an overall classification 
which approached more closely to modem ideas. The most up-to-date classification of 
the entire genus is the one undertaken by Kusnezow. His monograph entitled 
Subgenus Eugentiana in 1895 and his chapter on gentians in 'Die naturliche 
Pflanzenfamilien' in 1895 is today still the basis of the taxonomy and classification of 
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the genus. However, in addition there are numerous new species discovered since 
Kusnezow's time. 
The gentian family is Gentianaceae of the order Gentianales, class Magnoliopsida, and 
division Magnoliophyta. The representative genus is Gentiana L (Crosby, 1995). The 
main species used in this study is Gentiana triflora Pall, subspecies Gentiana 
axillariflora, cultivar 'Akita Blue'. Figure 1-1 shows the flowers of G. triflora. 
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Gentiana triflora Pall. var. axilariflora Akita Blue 
Figure 1-1 Gentiana trijlora Pall. var. axillarijlora 
The flowers are pure ultramarine blue, and grown for the cut-flower trade. The form 
shown here has the majority of its flowers in the terminal cluster. 
5 
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The stem of cultivated G. triflora is grown to 100 - 200 cm high. The leaves are 
arranged in pairs, each pair being at right angles to the next and not forming a tube 
round the stem. The leaves at the base of the stem are smaller than those at the top. 
The flowers are carried in the upper leafaxils and at the top of the stem. The terminal 
flowers are usually grouped, while those in the leafaxils are single and have a short 
stalk. The bell-shaped corolla is over 3 cm long, with rounded, ovate, erect lobes. The 
flowers are ocean blue, and generally open in August to October in Northern 
Hemisphere and January to March in Southern Hemisphere. 
1.1.4. Production of gentians in New Zealand 
Approximately half ($NZ 50 million) of the total New Zealand cut flower production 
is exported every year. This figure is increasing again after a dip in 1996 and 1997 
during the Asian economic crisis. This constitutes an international market share of 
around 0.5 percent. New Zealand's reliance on Japan as an export destination is 
diminishing (Statistics New Zealand 2000). Almost 70% of exported flowers are 
currently sold to Japan, but diversification into other markets such as the United States, 
Europe, and other Asian countries is occurring (Statistics New Zealand 2000). New 
Zealand flower exports earned about $NZ 60 million in 1996, and the industry is 
planning to increase that figure to $NZ 80 million by the year 2000 (Statistics New 
Zealand 2000). 
Among the cut flowers exported the newly developed cut flower crops are more 
preferable to the traditional species in the world markets. Table 1-1 shows the export 
values of few important cut flower species basing on the latest statistical data 
(Statistics New Zealand 1998). It appears that not only the values of new cut flower 
species (Gentians and Sandersonia) increased comparing with the traditional cut 
flowers, but also the value in Gentians increased more comparing with any other new 
or traditional cut flowers listed in the table. 
Ornamental gentians are native of eastern Siberia, Korea, Sakhalin and Japan (Kohlein, 
1991). Some new hybrids have been raised for cut flower or pot plant production in 
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recent years. It has been introduced into New Zealand from Japan since early 1990's 
and became a new summer cut flower in New Zealand. New cultivars are being 
introduced continuously each year. They are grown in varying locations throughout 
New Zealand from South Auckland, Taupo and Palmerston North to Canterbury, 
Otago and Southland (Nelson, 1995). In New Zealand, the production of gentians has 
been expanded for export beginning in 1993. Table 1-2 shows gentian export values 
from 1993 to 1998. 
Table 1-1 Annual flower export value 
1997 1998 Changes 
($ m f.o.b. *) ($ m fo.b. *) (%) 
Roses 0.62 0.53 - 14.69 
Carnations 0.57 0.65 14.07 
Orchids 20.53 18.93 -7.78 
Gentians 0.07 0.12 78.36 
Sandersonia 3.71 3.80 2.57 
* f.o.b. = free on board 
Table 1-2 Gentian exports in New Zealand from 1993-1998* 
Year Exports % Change % Change % Change % Change % Change 
($NZ f.o.b.) (1993-1994) (1994-1995) (1995-1996) ( 1996-1997) (1997-1998) 
1993 47,304 
1994 48,451 +2 
1995 68,311 +41 
1996 75,089 + 10 
1997 67,903 
-10 
1998 120,000 +78 
* Data collected in this table are from Statistics New Zealand, 1994, 1995, 1996, 1997 and 1998. 
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1.2. Micropropagation and in vitro flowering 
1.2.1. Plant tissue culture 
The concept of plant tissue culture began in 1838-1839 when Schleiden and Schwann 
independently stated the basis of cellular theory and implicitly postulated that the cell 
is capable of autonomy and/or even totipotent. But Schleiden and Schwann had no 
experimental evidence to show that somatic cells are also capable of the latter 
(Gautheret, 1983). 
Later, when trying to determine experimentally the limit of plant divisibility permitting 
tissue proliferation, Rechinger (1893) discovered an important approach for plant 
tissue culture. He used isolated buds, slices of roots, stems, and other materials. The 
explants were placed on the surface of sand moistened with tap water. He concluded 
that those pieces thicker than 1.5 mm would develop. But he did not use nutrients or 
aseptic conditions; his cultures could barely be regarded as tissue cultures. However, 
Rechinger's experiments led to a concept related to the tissue culture principles; he 
was a true pioneer in this field (Gautheret, 1983). 
The principles of cell culture were clearly formulated nine years later by Haberlandt 
(1902). Basing on the cell theory, he assumed that there were no limits of divisibility. 
He chose to work with single cells and used Knop's nutrient solution, sucrose, 
asparagine and peptone as nutrients. The cells were still alive after 20 to 27 days. 
They exhibited in the best cases an eleven-fold increase in the original volume but no 
division. 
Following the discovery of auxins by Went (1926), it was demonstrated that this 
growth substance could enhance cell divisions in plant tissue culture. This has led to 
the possibility of cultivating plant tissues for unlimited periods, which was eventually 
announced almost simultaneously by White (1939), Nobecourt (1939) and Gautheret 
(1939). Later, following the utilization of coconut milk in 1940s, the discovery of 
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cytokinins in 1961 (Miller, 1961) brought tissue culture into its powerful development. 
The medium was improved by Murashige and Skoog (1962). 
The great breakthrough in clonal propagation can be attributed to Morel (1960) who 
introduced the technique of meristem culture as a means of vegetative propagation. 
His method found almost immediate commercial use, and whole new market-oriented 
plant propagation became available that placed orchids within the economic reach of 
the average person (Debergh and Maene, 1983). Today the technique developed by 
Morel is used worldwide and associated with mass production at a competitive price 
(Debergh and Read, 1991). In modem agriculture and horticulture, it is an important 
subject to produce plantlets on schedule. The production of plants through tissue 
culture has the potential use that realizes the mass production of useful crops, 
especially of ornamental plants. 
1.2.2. Micropropagation of ornamentals 
Plant cell and tissue culture techniques have become very powerful tools for 
propagation of ornamental species. The technology had its beginnings with 
Haberlandt's speculations regarding cell totipotency at the tum of the 20th century 
(Hughes, 1980). 
Ornamentals are a group of plants where micropropagation has had a tremendous 
impact, historically, scientifically and economically (Queralt et al., 1991). Ornamental 
crops include a large variety of different plants, which, in certain countries, make a 
substantial contribution to the value of the horticultural products. In the Netherlands, 
for instance, approximately 42% of the total value of agricultural and horticultural 
products consists of ornamental tuber and bulb crops, pot plants, cut flowers, etc. 
(Queralt et al., 1991). 
Probably orchids were the first horticultural plants to be propagated by tissue culture 
(Aridity, 1977). It was a major stimulus for application of plant tissue culture 
techniques to the propagation of ornamental species. This may be attributed not only 
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to the early work by Morel (1965) on the propagation of orchids in culture, but also to 
the development and widespread use of a new medium with high concentrations of 
mineral salts by Murashige and Skoog (1962). Following success with rapid in vitro 
propagation of orchids, there has been an increasing interest in recent years in the 
application of tissue culture techniques as an alternative means of asexual propagation 
of economically important fruit, vegetable, flower, forestry and pasture crops (Morel, 
1965). Today, plant cell and tissue culture techniques were applied to many other 
species with varying degrees of success. 
Ornamental species from more than 40 different families have been propagated using 
tissue culture techniques (Queralt et al., 1991), some on a commercial scale. 
Flowering plant genera in which tissue culture techniques have been successful include 
Gladiolus, Iris, Chrysanthemums, rose, etc. In United States, many commercial 
laboratories use tissue culture of shoot tips to propagate a wide range of ornamental 
plants including orchids, ferns, lilies, etc. (Debergh, 1994). 
Actually, tissue culture propagation has been shown to be economically competitive 
with conventional propagation and has resulted to a large extent in clonal fidelity 
(Vasil and Vasil, 1980). Two of the most important cut flowers, Dianthus 
caryophyllus and Chrysanthemum morifolium, can easily be micropropagated and high 
propagation rates can be obtained (Queralt et al., 1991). 
1.2.3. Micropropagation of Gentians 
Some reports on micropropagation of gentians have been published from the middle of 
1980s to middle of 1990s. These include G. cruciata, G. purpurea, G. punctata and G. 
pannonica (Wesolowska et al., 1985); G. lutea (Lamproye et al., 1987); G. lutea 
(Viola and Franz, 1989); G. scabra (Yamada et al., 1991); G. kurroo (Sharma et al., 
1993). 
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Micropropagation of more gentian species has been investigated lately (Zhang, 1996, 
Hosokawa et al., 1996; Morgan et al., 1997; Ivana et al., 1997 and Hosokawa et al., 
1998). In vitro growth performance of shoots, roots and callus of G. japonica, G. 
axillariflora, G. antarctica, G. lutea, G. cruciata, G. purpurea, G. acaulis, G. cerina, 
G. corymbifera and G.triflora cultivars cultured in different conditions were described. 
Woody plant medium (WPM) (Lloyd and McCown, 1980) was first reported to be 
beneficial to in vitro cultures of Gentian species in terms of shoot proliferation and 
root initiation (Zhang, 1996) as well as callus induction and shoot regeneration (Ivana 
et al., 1997). B5 (Gamborg et al., 1968) vitamins were also first reported to be 
advantageous in micropropagation of some gentians species (Zhang, 1996 and Morgan 
et al., 1997). A concentration of 2% (v/v) sucrose in the medium was found to be the 
most effective for gentian shoot propagation (Zhang, 1996; Hosokawa et al., 1998). 
An efficient system for clonal mass propagation in liquid culture was established for 
the propagation of ornamental gentian (Hosokawa et al., 1998). In this case, the 
propagation of shoots was maximal after 11 weeks of culture. More than 2000 shoots 
were obtained in 5 weeks following the initial cultivation of five nodal segments after 
6 weeks. 
1.2.4. In vitro flowering 
The change from the vegetative state to the reproductive state is one of the most 
dramatic events in the ontogeny of a plant. Flowering provides for the propagation of 
individuals and is the vehicle for genetic recombination. Despite the efforts of 
numerous researchers for over 60 years a satisfactory understanding of the flowering 
process has not been obtained (Scorza, 1982). However, a few factors involved in the 
process have been identified. 
The process of flowering compnses a series of physiological, biochemical and 
morphological events including adventitious bud formation, floral bud initiation and 
flower bud development leading to anthesis (Tanimoto and Harada, 1981a). Once 
flowering capacity is reached, environmental stimuli such as photoperiod, temperature 
and nutrition are involved in floral induction. There is a general belief that the 
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flowering process is chemically controlled, either with a single or multiple factor, a 
single or multiple inhibitor, or even a combination of these (Carson, 1993). These may 
include plant growth regulators such as cytokinins, auxins, gibberellins, ethylene, 
abscisic acid (Raghavan and Jacobs, 1961; Bernier et al., 1977, Franklin et ai., 2000), 
polyamines (Bais et al., 2000), carbohydrates (Roldan et al., 1999; Mitrovic et ai., 
2000). 
1.2.4.1 Physical condition of in vitro flowering 
Flower fonnation in vitro can occur in two ways depending on the state of the parent 
plant. The first method is when the explants are taken from plants that are completely 
vegetative. The induction of flowering then occurs in the culture vessel. This has 
been reported with long day Cichorium intybus (Ringe and Nitsch, 1968) and short day 
Piumbago indica (Nitsch and Nitsch, 1967). Alternatively, the explants are taken from 
plants that are flowering already, such as flower fragments as reported with Cichorium 
intybus (Ringe and Nitsch, 1968), Nicotiana tabaccum (Hicks and Sussex, 1970), 
Lunaria annua and Begonia franconis (Ring and Nitsch, 1968). 
Obviously, floral buds and organ primordia of many species have been cultured in 
vitro since the early 1960. The first attempts to culture floral buds were by LeRue in 
1942, with the first reported successful flower culture by Galun and others (1962). 
Galun showed that floral buds of male, female and bisexual lines of Cucumis sativus 
could be cultured to examine the role of growth substances in the differentiation of sex 
organs. The first report of the complete development of young excised buds into 
mature flowers in culture was by Blake (1969) using Viscaria candida and Viscaria 
cardinalis. These studies have led to a wealth of infonnation covering mainly the 
nutritional and honnonal requirements of flower and explant development. Results 
from many studies have found that young floral buds and inflorescences of a number 
of species can be grown to maturity (Abernethy, 1996). Research has shown that 
tendrils, roots, leaf discs, thin sections from stem and inflorescence axis, micro-
inflorescence and isolated protoplasts can result in flower fonnation in vitro (Liu and 
Li,1989). 
Chapter One Introduction 13 
In vitro flowering has also been obtained from cultures of non-meristematic tissues, by 
using thin cell layers of Nicotiana tobaccum floral shoots (Tran Thanh Van, 1973). 
Three to six layers of epidennal tissue have been coaxed into various types of 
organogenesis (buds, shoots and flowers) by growth honnone manipulation, using 
Petunia hybrida (Ramage, 1994). Cotyledons and thin cell layers consisting of 
epidennal and sub-epidennal cells have also resulted in in vitro flowering in tobacco 
(Mohnen at al., 1990; Mohnen, 1990; Ramage, 1994). The degree of successful 
regeneration, however, depends on various factors associated with the explant in 
culture. 
1.2.4.2 The role of nutrients 
Possibly, the most comprehensive investigation of the role of nutrients in in vitro 
flowering is the work of Tanimoto and Harada (1981a,b). These authors found that by 
manipulating the concentration of salts in the medium and eliminating NH4N03 but not 
necessarily KN03, flowering could be achieved on nodal segments from induced 
Torenia fournieri Lind plants. Similar works on Kalanchoe blossfeldiana Poellniz. 
(Dickens and van Staden, 1988) supported these findings. This work enlarges on one 
of the oldest theories of flowering, that nitrogen levels need to be low for flower 
induction to take place (Kraus and Kraybill, 1918). Tanaka and Asagami (1986) 
achieved induction of Lemma paucicostata Hegelm plant in non-inductive continuous 
light by transferring from low to high nitrogen levels. Nitrogen was required for the 
manifestation of the flowering stimulus, but was inhibitory of induction. This was 
supported by the findings that the suppression of nitrate assimilation by nitrate 
reductase inhibition also induced flowering (Tanaka and Asagami, 1986). 
A greater supply of assimilates increases the likelihood of flower induction within the 
flower meristem. Techniques which promote flowering such as girdling, high light 
flux, water or salt stress, addition of gibberellin inhibitors, leaf removal, introduction 
of cytokinins and dwarfing root stocks can all be explained in tenns of carbohydrate to 
nitrogen levels (Sachs, 1977; Sachs and Hackett, 1977). In vitro techniques provide 
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the ability to manipUlate carbon : nitrogen ratios encouraging floral induction, as seen 
in Torenia fournieri (Tanimoto and Harada, 1981c) and Nicotiana tobaccum (Nitsch 
and Nitsch, 1967). Szoke and others (1977) induced in vitro flowering on plants 
regenerated from flower-derived callus cultures on an MS medium supplemented with 
coconut water, which exhibits a BA-like cytokinin activity. Coconut water has also 
been used for the induction of in vitro flowering from shoot cultures of the bamboo 
Dendrocalamus hamiltonii Munro (Chambers et al., 1991). 
1.2.4.3 The role of floral promoters and inhibitors 
Observations have indicated that the developmental pattern of floral buds and 
individual organs becomes fixed early'in their life cycle (Rastogi and Sawhney, 1987). 
The stimulus for organ initiation and microsporogenesis and megasporogenesis 
originates from within the meristem andlor from the other floral organs present at the 
time of culture. Presumably these influences are mediated through endogenous flower 
promoters andlor inhibitors. More likely, flowering results from the interaction of 
plant growth regulators including cytokinins, auxins, gibberellins, ethylene, abscisic 
acid, or other known or unknown endogenous substances (Raghavan and Jacobs, 1961; 
Bernier et al., 1977; Wellensiek, 1977). Among these, sugar concentration presumably 
is a very important one. 
1.2.4.3.1 Carbohydrates 
Sugars are known to play an important role in culture media for reliable induction and 
development of flowers (Steinberg, 1950; Margara et al., 1965; Handro, 1977). 
Glucose, maltose, lactose, and raffinose have been used with success (Margara and 
Rancillac, 1966; Nitsch and Nitsch, 1967), although sucrose is most commonly used. 
The optimal sugar concentration for flowering differs among species. 
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It was found that the endogenous level of free sugars in the apex increases dramatically 
during induction to flower (Bodson, 1977). It has been argued that high concentrations 
of carbohydrates within the media induce in vitro flowering due to osmotic potential 
effects rather than the accumulation of sufficient carbohydrates by the plant. However, 
this has been disproved with work on Zea mays cv. Oh43 which requires 10% (w/v) 
sucrose media for optimal flowering (Pareddy and Greyson, 1989). 
The commonly used carbon source is sucrose. A high concentration of sucrose has 
been found to promote in vitro flowering in Cichorium intybus (Harada, 1966), 
Plumbago indica (Nitsch and Nitsch, 1967), Nicotiana tabaccum (Tran Thanh Van, 
1973), Torenia fournieri and Wahlenbergia stricta (Carson, 1993). Results from these 
studies have shown that sucrose concentrations of 2% - 4% (w/v) in the media promote 
the development, but not the initiation, of floral buds (Tanimoto and Harada 1981a). 
In contrast, cultured tassels of Zea mays cv. Oh43 required 10% (w/v) sucrose before 
normal tassel growth and differentiation occurred (Pareddy and Greyson, 1989). 
Sucrose at 2-4% (w/v) stimulated the rate of flowering in Kalanchoe blossfeldiana, 
while concentrations over 4% (w/v) were inhibitory (Dickens and van Staden, 1988). 
Similar effects of sucrose have also been reported with Lycopersion esculentun Mill 
(Rastogi and Sawhney, 1987), Bougainvillea (Steffen et al., 1988) and Torenia 
fournieri (Tanimoto and Harada, 1981b). Rastogi and Sawhney (1987) also 
investigated the effect of different sucrose concentrations on the development of floral 
buds. In response to 3% (w/v) sucrose, tomato buds reached maturity. In the absence 
of sucrose, the buds did not grow at all. In response to 4% (w/v) sucrose, a few flower 
buds reached maturity with some other buds showing abnormalities in carpels and 
stamens, while 5% (w/v) sucrose was strongly inhibitory to floral development. 
Berghoef and Bruinsma (1979) reported that 3% (w/v) sucrose was optimal for the 
growth of Begonia flowers. In bamboo, 2% (w/v) sucrose resulted in 70% of the 
cultures flowered (Nadgauda et al., 1997). In contrast, 5% (w/v) sucrose was most 
effective for in vitro flowering of Orange Jessamine (Jumin and Nito, 1996). 
Concentrations of sucrose over 5% depressed Alstroemaria flowering (Kristiansen et 
al., 1999). 
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1.2.4.3.2 Plant growth regulators (PGRs) 
A hormonal substance that functions in the initiation of floral bud formation has been 
suggested to be biosynthesised in the leaves then transferred to the apical meristems 
where it acts in the production of floral buds (Hamner and Bonner, 1938, King and 
Zeevaart, 1973). The name "florigen" was originally coined by Chailakhyan (1936) 
for a hypothetical substance produced in plants under apporpriate light conditions that 
induced floral buds in the vegetative apices. Many subsequent attempts to identify this 
factor chemically by isolating the active principle have been unsuccessful. Tran Thanh 
Van (1973a) devised an in vitro bioassay with explants excised from the cortical layers 
of tobacco stems. This has the advantage of direct contact of a test sample with 
tabacco explants in the assay medium and ony 2-3 weeks of culure is needed for 
formation of floral buds, vegetative buds, roots or callus (Tran Thanh Van, 1973b). 
From the results of these investigations, it could be concluded that the kind of 
morphogenetic activity is determined by the auxin/cytokinin ratio. In the study ofTran 
Thanh Van (1981), kinetin and benzyladenine (BA) were the only cytokinins effective 
in the initiation of flower buds. This was further investigated by Heylen and Vendrig 
(1988 and 1991). They reported that a high number of explants with flower buds was 
found with high cytokinin/2,4-D ratios in thin cell layer cultures of tabacco explants. 
Actually, numerous experimental studies have shown that plant growth regulators 
(PGRs), in particular cytokinins and in some cases gibberellins and auxins, play an 
important role in the initiation, growth and development of various floral organs. PGR 
requirements vary in different species, different genotypes of the same species, and 
among different floral organs of an inflorescence. 
(a) Cytokinins 
Cytokinins play an important role in flowering, but it is not known whether this is at 
the induction, evocation or differentiation stage. Cytokinins were found to inhibit 
flowering in Lycopersicon and Scrofularia, but stimulate vegetative growth (Dickens 
and van Staden, 1990). Joshi and Nadgaauda (1997) reported that in bamboo, BA was 
found to be the only cytokinin capable of inducing flowering in vitro. Flowering was 
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not observed on media supplemented singly with kinetin, 2iP, zeatin or adenine 
hemisulphate. Recently, in their research on dynamics ofcytokinins in apical shoot 
meristems of tobacco during floral transition and flower formation. Dewitte et al. 
(1999) concluded that organ formation (e.g. leaves and flowers) is characterised by 
enhanced cytokinin content. This contrasted with the very low endogenous cytokinin 
levels found in prefloral transition apices that showed no organogenesis. However, 
cytokinins do not seem to act as postivie effectors in the prefloral transition phase in 
tobacco shoot apices. 
Research on in vitro regulation of organogenesis from tobacco stem internodes led 
Skoog (1970) to suggest that cytokinins regulate organogenesis by influencing the 
biosynthesis of other growth factors including thiamine and auxin, and act as 
modulators in protein biosynthesis. While cytokinins exert a major influence on in 
vitro flowering, the inability of cytokinin to induce flowering from juvenile tissue 
suggests that an additional factor(s) may be involved (Wardell and Skoog, 1969). 
Indeed, our understanding of the environmental control flowering in plants has 
improved in recent years but less is known of the endogenous control. Bernier and 
coworkers (1977) found that cytokinin applied to apical meristem of Sinapsis alba 
triggered the mitotic cycle that commonly precedes flowering but could not induce 
subsequent flowering. They hypothesized the existence of a multi-factored flowering 
stimulus with cytokinin being one component. The concept of a multiple-factor 
flowering stimulus has gained considerable acceptance (Raghavan and Jacobs, 1961; 
Evans, 1969; Wellensiek, 1977; Cleland, 1978; Scorza and Janick, 1980). Day et al. 
(1995) observed that in cool conditions, cytokinin concentrations increased, 
carbohydrate concentrations decreased, flower buds became committed to develop 
throgh to anthesis and a period ofrepid bud expansion began. This evidence suggests 
that cytokinins may influence the rate of flower development by altering the 
mobilisation of carbohydrates. Some authors indicated that cytokinin might be apart 
of the signaling system involved in the control of short-day plants flower induction 
andlor evocation (Galoch et al., 1996). The addition of cytokinins (BAP, kinetin) to 
isolated apices cultured on suboptimal photoperiods increased flowering. Kinetin can 
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even induce, in some plants, flowering under quite non-inductive conditions (Galoch et 
al., 1996). 
(b) Auxins 
In vitro studies have implicated auxins as principal floral inhibitors. The effect of 
auxin on in vitro flowering in tobacco has been shown to be a function of the growth 
regulator concentration. Moderate concentrations of IAA (3.0-103 M) decreased the 
ratio of floral to vegetative buds, whereas higher concentrations inhibited all bud 
development (Wardell and Skoog, 1969). Pierik (1967a,b) suggested that inhibition of 
flowering in L. annua by IAA was a result of a general inhibitory effect on bud 
formation. IAA promoted normal petal development on excised buds of Aquilegia 
(Tepfer et al., 1963). A later report by Bilderback (1972) indicated that IAA modified 
Aquilegia floral development, but at high concentrations it was found to be inhibitory. 
There are numerous important studies on the relationshisp between lAA and flower 
formation (Oka et al., 1999). In Arabidopsis, for example, the concentration of IAA 
and the activity of polar auxin transport in the inflorescence axis of the pin mutant 
were much lower than those of the wild type (Okada et al., 1991). Moreover, the 
application of inhibitors of polar IAA transport to the wild type Arabidopsis plant 
induced the formation of inflorscence axis similar to that of the pin-formed mutant 
(Okada et al., 1991; Okad and Shimura 1994). These results strongly suggest that 
normal concentrations of endogenous lAA and/or the activity of polar IAA transport 
are required for flower formation of A. thaliana. These facts were also confirmed by 
Oka et al. (1999) using transgenic Arabidopsis. 
(c) Gibberellins 
Gibberellins are regarded as being the most florigenic plant growth regulator, although 
their promotive effects are mainly confined to cold requiring plants and long day plants 
with a rosette growth habit. There are however, a substantial number of short day 
plants that can be induced to flower by gibberellins (Dickens and van Staden, 1990). 
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Gibberellins applied in vivo promote flowering of some species and inhibit flowering 
of others (Evans, 1971). Gibberellins may induce the change from juvenile to 
flowering state in some conifers (Pharis et al., 1976) yet cause a reversion to non-
flowering and other juvenile characteristics in some angiosperms (Robbins, 1957; 
RogIer and Hackett, 1975). The effects of gibberellins in vitro are that they generally 
inhibit floral and vegetative bud initiation but have been reported to promote flowering 
of explants from several species (Chang and Hsing, 1980). Lang (1965) hypothesized 
that gibberellins affect floral development rather than floral induction. The fact that 
GA3 inhibits in vitro bud formation yet induces "bolting" when applied to flower buds 
in vitro (Wardell and Skoog, 1969; Scorza, 1979) supports this hypothesis. However, 
most recently, gibberellins have been reported to be positive for in vitro flowering in 
some species, for example, Trichosanthes dioica Roxb. (Basu et al., 1999), Syngonium 
podophyllum Schott "White butterfly"· (Henny et al., 1999) and Chenopodium murale 
(Mitrovic et al., 2000). Foliar application of GA3 in a dioecious cucurbit 
Trichosanthes dioica could increase the number of female flowers resulting in 
increased fruit-setting (Basu et al., 1999). Increased GA3 concentration (250 to 2000 
mg rl) resulted in increased flower number in Syngonium podophyllum (Henny et al., 
1999). Similar results were also obtained in some in vitro plant tissue cultures lately. 
GA3 supplemented in the culture medium induced flowering from explants of Pisum 
sativum L (Franklin et al., 2000) and Chenopodium murale L (Mitrovic et al., 2000). 
(d) Polyamines 
Polyamines were recognised as plant growth substances only about 10 years ago 
(Bagni, 1989; Bangi and Torrigiani, 1992). Although the precise physiological 
functions of polyamines (PAs) have not yet been defined (Havelange et al., 1996), 
substantial evidence strongly suggestes their interaction with cytokinins in the 
regulation of the cell division process. Some researchers have suggested that 
polyamines can mediate the photomorphogenic effect of light or are part of the signal 
response pathways of plants (Dai and Galston, 1981). The participation of PAs in the 
control of early steps of the flowering process has been strongly suggested in several 
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studies involving photoperiodic speceis. In the short-day plants, Pharbitis nil cv. 
Violet, Xanthium strumarium, soybean and Chrysanthemum morifolium, the titers of 
various PAs exhibited marked changes in the leaves during photoinduction of 
flowering (Dai and Wang, 1987; Hamasaki and Galston, 1990; Aribaud and Martin-
Tanguy, 1994; Caffaro and Vicentr, 1995). In the long-day plant Rudbeckia hirta the 
titers of free putrescine and spermidine increased both in leaves and apices during 
floral induction (Harkess et al., 1992). The spermidine availability at the time of 
flower initiation and organogenesis also might be a factor affecting floral intensity in 
Citrus sinensis L. Osbeck (Ali and Lovatt, 1995). Indeed, polyamines are known to 
occur in high amounts in the flowers of various plants (Buta and Izac, 1972; Ponchet et 
al., 1982; Bangi and Torrigiani, 1992; Wada et al., 1994; Scaramagli et al., 1999). 
Bais et al. (2000) found that in vitro flowering and the endogenous conjugated pool of 
polyamines in the shoot cultures of Cichorium intybus L. cv. Lucknow local were 
diminished in response to polyamine inhibitors (DFMA and DFMO) treatments, but 
could be restored by addition of putrescine and AgN03 to the shoot multiplication 
medium. These findings suggest that polyamines may be causally related to flowering, 
and that conjugated polyamines may constitute potential markers for floral initiation 
(Daoudi and Bonnet, 1998). 
1.2.4.4 Photosynthetic photon flux density (PPFD) 
Optimum light intensity for plant tissue in culture may differ from the requirements of 
the plants themselves (Murashige, 1974). Light intensity has been shown to affect the 
type of growth in culture. Increased light caused an increase in shoot formation in one 
cultivar of Begonia x hiemalis, but no increase in dry weight; two other cultivars 
responded to the increased light with increased biomass but no increase in shoot 
production (We1ander, 1978). Increased PPFD was also reported to have a promoting 
effect on aerial shoots production of Alstroemeria Butterfly-hybrids (Kristiansen et al., 
1999). 
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In vitro studies suggest that sugar production through photosynthesis is a key factor. 
In the dark at low to moderate sucrose levels (0-3%), flowers are not generally 
produced in vitro (Margara and Touraud, 1968; Coleman and Thorpe, 1978). In the 
dark for as little as two weeks at these sucrose levels (0-3%) can reduce or eliminate 
subsequent flowering when explants are re-exposed to an inductive light environment 
(Harada, 1966; Scorza and Janick, 1980). Explants cultured with elevated levels of 
sucrose (3-5%) have flowered in complete darkness (Henrickson, 1954; Baldev, 1962) 
and continuous illumination has induced flowering even in the absence of sugar 
(Margara and Touraud, 1967). Free sugars have been able to substitute for the light 
requirement for flowering in certain species, such as Cuscuta reflexa Roxb. (Baldev, 
1959); Cuscuta reflexa Roxb. (Baldev, 1962), tobacco (Cusson and TranThanh Van, 
1981) and Kalanchoe blossfeldiana Poellniz. (Dickens and van Staden, 1988), 
Alstroemaria (Kristiansen et at., 1999). 
1.2.4.5 pH of the culture medium 
The ability of explants to fonn flowers in vitro depends on numerous factors, internal 
and external, chemical and physical, and virtually all of these factors interact in various 
complex and unpredictable ways (Tran Thanh Van, 1973; Scorza and Janick, 1980; 
Lang, 1987; Compton and Vielleux, 1992; Jumin and Ahmad, 1999). Except those 
important factors we have just mentioned above such as carbohydrates, growth 
regulators and light intensities, pH of the culture medium is also considered to be 
important to in vitro cultures (Heylen and Vendrig, 1988; Jumin and Ahmad, 1999). 
Very few reports are available so far on the importance of medium pH to in vitro 
flowering under different light intensities. Although some authors (Perica and Berljak, 
1996; Jumin and Ahmad, 1999) reported their investigations of pH effect on in vitro 
flowering, the combined effect of different light intensities with various pH of the 
culture medium was only reported by Mohnen and others (1990). When light intensity 
was at 55 f-tmol m-1s-1 and the pH was at 3.8, tobacco thin cell-layer explants could 
produce the highest number of flowers in vitro (> 60) comparing with vegetative 
shoots « 10) and roots (0). 
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1 Postharvest life of cut flowers 
Many cut flowers deteriorate rapidly after harvest, and short vase life constitutes a 
major obstacle in the marketing of flowers. Therefore, the postharvest longevity of 
flowers is of critical importance in determining the value of a cut-flower crop. 
1.3.1. Flower senescence 
Senescence in plants is usually viewed as an internally programmed degeneration 
leading to death. It is a developmental process that occurs in many different tissues 
and serves different purposes. Traditionally, the senescence mechanisms fall into two 
major groupings, nutrient deficiencies (e.g., starvation) and genetic programming (i.e., 
senescence-promoting and senescence-inhibiting genes). Considerable evidence 
indicates that nutrient deficiencies are not central senescence program components, 
while increasing evidence supports genetic programming (Nooden et al., 1997). 
Research in postharvest physiology of flower crops has resulted in vast improvements 
in the longevity of flower crops (Woodson, 1991). Discovery that flower senescence is 
regulated by the phytohormone ethylene has led to the identification and use of 
chemicals, such as silver thiosulfate, which inhibits ethylene action and delays 
senescence (Salinger, 1975; Halevy and Kofranek, 1977; Veen, 1979). Development 
of new treatments that delay senescence or of new cultivars with improved postharvest 
longevity is currently limited by our basic understanding of the molecular events 
underlying the regulation of flower senescence. 
Loss of cell integrity has been shown to accompany senescence in most plant tissues, 
including flower organs (Borochov and Woodson, 1989). This is accompanied by 
increasing production of the phytohormone ethylene, which is known to regulate the 
process of senescence (Borochov and Woodson, 1989). Sucrose treatment could delay 
ethylene production, for example, in cut carnation flowers (Dilley and Carpenter, 
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1975) and sweet pea (Ichimura et at., 1998). The ethylene action inhibitors MCP (1-
methylcyclopropene) and DACP (Diazocyclopentadiene) treatments could largely 
reduce ethylene effects in tomato (Nakatsuka et al., 1997; Tian et al., 1997) and 
cucumber fruits (Kubo et al., 2000). STS treatment could inhibit ethylene action and 
improve the post-harvest life of gentian flowers (Zhang and Farr, 1995). Exposure of 
these flowers to exogenous ethylene hastens the senescence. Zhang and Farr (1995) 
worked out that the petals of G. axillariflora flowers exhibited a characteristic 
''wilting'' behaviour during senescence and in response to exogenous ethylene, i.e. 
exposure of presenescent gentian flowers to ethylene hastens the onset of petal 
senescence. Furthermore, treatment of G. axillariflora flowers with inhibitors of 
ethylene action, such as STS or sucrose, prevented typical petal senescence. The 
''wilting'' can be delayed by using STS or sucrose (Zhang, 1996). 
Jocelyn Eason and her colleagues at the Crop & Food Research, New Zealand, have 
isolated 15 genes that are associated with flower senescence (Horticulture News 1997). 
They found that the gene activities occur at the early stages of senescence, before any 
deterioration in flower quality can be detected visually. But it is too early to determine 
their usefulness in extending the vase life of flowers. They are looking for genes 
regulated by sugar, and are aiming to extend vase life of cut flower via regulation of 
the activity of these genes. Finding genes that sugars regulate may help to produce 
flowers with improved post-harvest lives as well, without the aid of pulsing agents. 
This could be a new way to improve flower longevity at the genetic level. 
1.3.2. Carbohydrates in plant tissues 
Carbohydrates in plants are the mam energy source for plant growth and cell 
differentiation, and derived from photosynthesis most. Reserve carbohydrates are 
stored in the form of starch, a complex polysaccharide. Starch deposition usually 
occurs in amyloplasts which provide a source of energy for the growth of cellular 
tissue (Brown, 1988). Osmotic potential is a function of concentration, so assembling 
1000 molecules of glucose into one starch macromolecule will reduce the osmotic 
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potential within the amyloplast by an equivalent factor. This is advantageous as it 
reduces the strain on various membranes enclosing such macromolecules (Brown, 
1988). 
Sugars play important role for osmoticum in plant cell. In the intact flower it can be 
postulated that the osmotic potential is maintained by import of carbohydrate, and 
presumably the starch acts as a reserve and a buffer against an excessive osmotic 
potential (Ho and Nichols, 1977). Since the amount of sugars contained in cut flowers 
is limited, the addition of sugars to vase water is effective in promoting bud opening 
and extending the vase life of many cut flowers (Mayaket al., 1973; Halevy and 
mayak, 1979; Paulin and Jamain, 1982; Koyama and Uda, 1994; Kuiper et al., 1995; 
Ichimura et al., 1998; Ichimura et al., 1999). The continuous presence of sugar in the 
vase solution may not be required as- pulsing cut flower stems with sugar has been 
shown to be sufficient for the flowers to mature and increase longevity (Salinger, 
1985). 
1.3.3. Ethylene biosynthesis in higher plants 
Ethylene (C2H4) is produced by all higher plants. It regulates many aspects of plant 
growth development and senescence in trace amount. Its effects are often spectacular 
and are commercially important in agriculture. Ethylene is essential for senescence in 
many flowers and fruits and exists in the gaseous state under normal physiological 
conditions. Its biosynthesis involves a multistep enzymatic pathway converting 
methionine to ethylene. The major route of ethylene synthesis in higher plants 
involves the following metabolic sequence: methionine ~ S-adenosylmethionine 
(AdoMet) or (SAM) ~ l-aminocyclo-propane-l-carboxylic acid (ACC) ~ ethylene 
(Figure 1-2). In the biosynthesis of ethylene, the conversion of methionine to AdoMet, 
conversion of AdoMet to ACC and the conversion of ACC to ethylene are catalyzed 
by AdoMet synthetase, ACC synthase (ACS) and ACC oxidase (ACO), respectively 
(Mol et al., 1995). Generally, the rate-limiting steps in this pathway are catalyzed by 
ACC synthase and ACC oxidase, respectively, and most recent literature has dealt with 
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these two enzymes (Figure 1-2) and the genes encoding them (Van Der Straeten and 
Van Montagu, 1991). 
Methionine ! AdoMet synthetase 
Methionine cycle ADOMET 
" !ACC synthase 
MTA 
Malonyl ACC transferase + Glutamyl ACC transferase 
M-ACC ACC G-ACC 
I 
ACCoxidase 
Ethylene 
Figure 1-2 The major pathway of ethylene biosynthesis in higher plants and the 
enzymes involved. Also shown are routes to methimonie cycle and conjugation 
reactions that prevent ACC to be directly available for ethylene production. Source: 
Fluhr and Mattoo (1996). 
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Following elucidation of the biosynthetic pathway, the enzymes involved have been 
isolated and characterized (Yang and Hoffman, 1984; Kende, 1993). The different 
ethylene biosynthesis enzymes are each encoded by a family of genes (Fluhr and 
Mattoo, 1996). Ethylene markedly induces an increase in the rnRNA level of 1-
aminocyclopropane-l-carboxylate (ACC) oxidase. To investigate the second 
messengers that possibly participate in ethylene signalling in mung bean roots, Jung et 
al. (2000) applied various pharmacological reagents known to affect the cytosolic 
calcium level and phosphoinositide (PI) metabolism the roots. They monitored the 
induction pattern of ACC oxidase by ethylene as a molecular paradigm for ethylene-
dependent responses in this tissue. The results showed that the ACC oxidase enzyme 
activities and protein levels were in parallel with the abundance of transcript in 
response to various antagonists and exogenous Ca2+. These results suggested that the 
PI-derived second messenger .and cytosolic calcium are necessarily involved in the 
ethylene-induced ACC oxidase gene activation in mung bean root tissue (Jung et al., 
2000). 
The recent progress in research on the molecular aspects of ethylene biosynthesis was 
based on solid physiological and biochemical work in many laboratories (Kende, 
1993). Further important advances in our understanding of the regulatory mechanisms 
governing ethylene biosynthesis and action are being made. In many instances, the 
signal that triggers ethylene formation has been identified, e.g. reduced partial pressure 
of oxygen or auxin (Kende, 1993). In other instances, such as during fruit ripening and 
flower fading, the signal that causes enhanced ethylene synthesis has yet to be 
identified (Kadyrzhanova et at., 1997). In addition to the hunt for ethylene signaling 
components, the means by which the hormone is generated is a subject of intensive 
study (Johnson and Ecker, 1998). Plants in the vegetative growth phase, flowers, and 
immature fruits produce barely detectable levels of ethylene until they are subjected to 
stress or undergo maturation events, after which ethylene production accelerates in a 
spatially and temporally specific pattern (Kadyrzhanova, 1997). 
The simple gas ethylene profoundly influences plants at nearly every stage of growth 
and development. The use of a genetic approach has been a powerful tool for 
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investigating the molecular events that underlie these effects. In Arabidopsis, for 
example, ethylene is sensed by five related recepters (Theologis, 1998). The receptors 
constitutively suppress a downstram signalling pathway, and are inactivated by 
ethylene, leading to the activation of genes necessary for the various ehtylene-
regualted biological responses (Theologis, 1998). Indeed, several fundamental 
elements of the pathway have been described: a receptor with homology to bacterial 
two-component histidine kinases (ETR1), elements of a MAP kinase cascade (CTR1) 
and a putative transcription factor (EIN3). Taken together, these elements can be 
assembled into a simple, linear model for ethylene signalling that accounts for most of 
the well-characterized ethylene mediated responses. (Woeste et at., 1998) 
1.3.4. Postharvest techniques 
In the flower industry, quality is determined by several characteristics including stem 
length, maturity, freedom from defects and vase life. Vase life is one of the most 
important of these characteristics, as it greatly affects consumer satisfaction. 
Postharvest treatment is very important for the vase life of cut flowers. Postharvest 
life of cut flowers depends upon several pre- and postharvest factors, nutritional status 
of the growth medium, aerial and root temperature, photoperiod and light intensity 
during the growth period in the greenhouse, conditions during harvesting, grading, 
packaging, transportation, and composition of 'pulsing' and 'bud opening' solutions 
(Salunkhe, 1990). 
Several major postharvest techniques have been developed and are already in 
commercial use (Halevy, 1987). These include the use of silver thiosulphate (STS) as 
an anti-ethylene agent which has been found to extend vase life by totally blocking 
ethylene action (Salinger, 1975; Halevy and Kofranek, 1977; Veen, 1979); and the 
application of sugar (sucrose) for the promotion of flower development and longevity 
(Salinger, 1985). Pulsing cut flower stems with certain amounts of sugar can usually 
improve flower vase life. It is believed that the principle of pUlsing is to fill plant 
tissues with carbohydrate to ensure that there is sufficient substrate for the flowers to 
Chapter One Introduction 28 
mature and increase longevity (Salinger, 1985). STS contains silver, which being a 
heavy metal is a potent environmental pollutant. Therefore, other environmentally 
sound substances such as sugars are preferable to STS. 
Ornamental Gentians are herbaceous perennial plants that are highly valued in the 
world market as a new cut flower species in recent years. Gentian flowers are 
ethylene-sensitive as their senescence is hastened by exogenous application of ethylene 
(Zhang, 1995). Investigations into effective post-harvest treatment of cut gentian 
flower stems are, therefore, required. Assuming that sucrose pulsing can substitute 
STS in prolonging the vase life of ethylene-sensitive flowers such as ornamental 
gentians, it would be tempting to hypothesize that they have similar physiological and 
biochemical actions in the petals of cut gentian flowers. 
It is well known that the anti-ethylene effects of STS include inhibition of ethylene 
production by the appropriate cut flowers (Veen, 1979). The same anti-ethylene effect 
has been demonstrated in vase life extension experiments with sucrose (Ichimura et ai., 
1998). As a vase life promoter, sucrose does delay senescence, this suggests that 
sucrose plays a key role. In addition, sucrose pulsing has been shown to increase 
soluble sugar contents of the pulsed petals (Ichimura et ai., 1998). However, it 
remains to be determined ifSTS pulsing could have the same biochemical effects. 
1.3.5. Autocatalytic effect of ethylene biosynthesis 
Ethylene has a positive effect on its own biosynthesis. ACC synthase transcripts can 
accumulate in tissue treated with ethylene or those tissues that copiously produce 
ethylene. This is true for tomato (Rottmann et ai., 1991; Li et ai., 1992; Lincoln et ai., 
1993), and for carnation (Woodson and Lawton, 1988; Park et ai., 1992; Henskens et 
ai., 1994). The accumulation of ACC oxidase transcripts in several cases occurs 
earlier than that of ACC synthase. Therefore, it would seem that these transcripts are 
co-ordinately induced by ethylene, causing a very intense autocatalytic ethylene 
production. ACC oxidase seems to be the first key factor in this phenomenon (Chalutz 
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et at., 1984): stimulation of ACC oxidase leads to conversion of ACC to ethylene 
which, in tum, induces ACC synthase transcripts generating more ACC for ethylene 
production. This is best exemplified by results obtained with floral organs during 
pollination-induced senescence (Tang et at., 1994). Carnation petals exhibit 
autocatalytic ethylene production and wilting during senescence. The autocatalytic 
ethylene production is caused by the expression of ACC synthase and ACC oxidase 
genes, whereas the wilting of petals is related to the expression of the cysteine 
proteinase (Cpase) gene (Kosugi et at., 2000). In climacteric fruit, the transition to 
autocatalytic ethylene production appears to be due to a series of events in which ACC 
synthase and ACC oxidase genes have been expressed developmentally. Differential 
expression of ACC synthase and ACC oxidase gene family members is probably 
involved in such a transition that ultimately controls the onset of fruit ripening (Jiang 
&Fu, 2000). 
1.4. Changes in protein and enzyme activities in senescing 
petals 
1.4.1. Changes in protein contents 
In plants, changes in the level of ubiquitinated proteins have been associated with cell 
death during the development of vascular tissue (Bachmair et at., 1990; Stephenson et 
at., 1996) as well as during the senescence of leaves and flowers (Courtney et at., 
1994; Pinedoet at., 1996; Torreet at., 1999). Loss of protein is a common feature of 
organ senescence (Hensel et at., 1993; Smart, 1994; Callis, 1995), so it is likely that 
one component of the program for cell death is the activation of proteinases. In fact, 
the activity of these enzymes has been correlated with events occurring during death of 
individual cells and tissues (Tonnakangas et at., 1994; Beers and Freeman, 1997) as 
well as during organ senescence (Ryan and Walker-Simmons, 1981; Callis, 1995). 
Unlike other plant tissues, it is manifested by an increased reduction in protein content 
and decline in total activity of the enzyme during petal senescence in some cut flowers 
such as rose (Faragher and Mayak, 1984; Torre et at., 1999), carnation (Borochov and 
Chapter One Introduction 30 
Woodson, 1989), petunia (Serek et al., 1995) and daylily (Stephenson & Rubinstein, 
1998). 
Petal senescence is associated with characteristic biochemical and biophysical events 
in the tissues, mostly because of alterations in membrane properties that are thought to 
playa primary role in the senescence process (Borochov and Woodson, 1989). These 
may include reduced protein content and loosed turgor in the cell. In general, senescing 
petals exhibit a decline in both phospholipid and protein contents. These changes 
appear to result from both reduced biosynthesis and increased degradation (Borochov 
and Woodson, 1989; Itzhaki et al., 1990). Treatment with ethylene decreased protein 
content by more than 40% and reduced fresh weight in petunia flower petals, and 
treatment with ethylene action inhibitor I-methylecyclopropene (I-MCP) was found to 
be effective in increasing protein content and flower fresh weight (Serek et al., 1995). 
Calcium (CaCh) treatments suppressed ethylene production and increased protein level 
and fresh weight in rose petals (Torre et al., 1999). Similar results were also reported 
by different authors on alstromeria, begonia, carnation, metthiola, phalaenopsis and 
phlox (porat et al., 1995; Serek et al., 1994a,b). 
1.4.2. Changes in amylase activities 
Amylase is an enzyme catalyzing the hydrolysis of a-l---7 4 glucosidic linkages of 
polysaccharides such as starch, glycogen, or their degradation products. It is an 
endoamylase that attacks the a-l---7 4 linkage at random. The more common a-
amylase includes those isolated from Bacillus subtilis, B. Coagulans, Aspergillus 
oryae, A. Candidus, Pseudomonas saccharophila, and barley malt. Exoamylases 
attack the a-l---7 4 linkages only from the reducing ends. Those breaking every 
alternate bond to produce maltose are known as p-amylase (a-l ,4-glucan 
maltohydrolase). Exoamylases are exclusively of plant or microbial origin (Budavari 
et al., 1989). In higher plants, in comparison with the extensive range of a-amylases 
from monocotyledons, only five a-amylases have been reported from dicotyledons, 
with limited expression data (Wegrzyn et ai., 2000). 
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Amylase activity may be different according to the source materials. This may mainly 
be affected by addition of EDT A under low pH condition. Some amylases are stable 
toward EDTA and low pH, and some are not. It is well known that a-amylase appears 
to require calcium ions for activity (Hsiu et al., 1964; Stein et ai., 1964). Some a-
amylases, for example, the enzyme from Aspergillus oryzae (Fischer et al., 1960), bind 
calcium very strongly and are resistant to inactivation by EDT A. A component of 
barley amylases was stable at low pH and EDTA (Paleg, 1960, Frydenberg and 
Nielsen, 1965; and Jacobsen et ai., 1970). Resistance of these enzymes to EDTA and 
low pH in the absence of added calcium suggests that they do not require calcium ions 
for activity. 
General properties of a-amylases are their insensitivity toward sulfhydryl-oxidizing 
agents and their strict dependence on Ca2+ for enzymatic activity. In the presence of 
excess Ca2+, endosperm a-amylase is stable at 70°C for 20 min (Thoma et ai., 1971). 
It seems that amylases from different sources of plant materials have different 
properties. Okita and Preiss (1980) reported that the chloroplastic amylase in spinach 
leaves did not display the above properties. The heating of wheat seeds extracts at 
70°C for 15 min decreased a-amylase activity by more than 80% (Battershell and 
Henry, 1990). The heat stability of the enzyme was probably due to a possible 
difference in the enzyme structure or the absence of an a-amylase inhibitor which was 
found in barley. 
The specific determination of a-amylase activity in crude plant extracts is difficult 
because of the presence of ~-amylase activity in these tissues that directly interferes 
with most assay methods. The procedure was developed for the determination of a-
amylase activity in barley malt. Determination of the quantities of a-amylase in crude 
barley malt extracts can be done using selective inactivation of ~-amylase by heating 
the crude extract at 70°C for 20 min in the presence of Ca2+ as a-amylase is heat-
stable in barley malt (Briggs 1967; Ohlsson, 1926; Olson et ai. 1939). MacGroegor 
and others (1971) using ionic exchange chromatography corroborated that treatments 
of heating at 70°C for 15 min completely inactivated the ~-amylase in barley extracts, 
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without altering the a-amylase properties. On the other hand, determination of the 
quantities of p-amylase can be done by inactivation of a-amylase by incubation of 
crude extracts with EDTA, or by carrying out enzyme assay at low pH. These 
procedures were adopted by several authors (for example, Chrispeels and Varner, 
1967; Tarrago and Nicolas, 1976; Monerri and Guardiola, 1986; deMorais and Takaki, 
1998). The hydrolytic products can then be examined by chromatographic analyses, 
e.g. paper chromatography. 
1.4.3. Paper chromatography 
A major advantage of paper chromatography, particularly when working with crude 
tissue extracts, is that they allow an easy detection of product formation in an enzyme 
assay (Eisenthal and Danson, 1992). This method has been widely used for 
examination of the products of amylase action in different plant materials such as 
barley aleurone layers (Jacobsen et al., 1970), spinach leaves (Okita and Preiss, 1980), 
Arabidopsis leaf tissue (Lin et al., 1988) and cotyledons of Phaseolus vulgaris 
(deMorais and Takaki, 1998). 
1.4.4. Isozymes 
Isozymes have been recognized for more than 40 years as an important topic for 
investigations in enzymology and as a major characteristic of the biochemical 
organization of living systems. The use of the term isozyme to designate multiple 
molecular forms of enzymes occurring in members of the same species was first 
introduced into the literature by Markert and Meller (1959). These investigators, on 
the basis of their own research and after a review of the published research on enzyme 
heterogeneity, concluded that organisms commonly synthesized enzymes in multiple 
molecular forms that is, as 2 or more isozymes. Each isozyme of a given enzyme 
carried out the same enzymatic reaction but in its own characteristic way to fulfil the 
specialized metabolic requirements of the celL Since the first presentation of the 
concept of isozymes, there has been an explosive growth in the amount of research on 
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isozymes (Markert, 1974). By now, many thousands of manuscripts have been 
published in which isozymes have been a major consideration. 
Frydenberg and Nielsen (1965) first reported the existence of several isoforms of a-
amylase detectable in extracts of barley seeds and many other workers confirmed this 
observation later (Momotani and Kato, 1966; Jacobsen et at., 1970; Tanaka and 
Akazawa, 1970). The nature of the isoforms in wheat seeds was characterized 
(Sargeant and Walker, 1978) using thin layer isoelectric focusing. Much of our 
knowledge of starch degradation during seed germination comes from studies with 
cereal (Tarrago and Nicolas, 1976) showing the involvement of a number of amylase 
isozymes. ill contrast, available knowledge of amylase isozymes in flowers is scarce 
and no paper has been published about amylases in gentian flowers. 
1.5. Regulation of gene expression and the technical 
approaches 
1.5.1. Polymerase Chain Reaction (PCR) 
The polymerase chain reaction (PCR) is a primer-mediated enzymatic amplification of 
specifically cloned or genomic deoxyribonucleic acid (DNA) sequences (funis et at., 
1990). It was invented in 1985 by Kary Mullis (Saiki et at., 1985), then working for 
Cetus Corporation in California, while driving late at night pondering new ways to 
detect specific bases by DNA sequencing. illdeed, Kary Mullis has given us a 
fascinating insight into what led to this invention in a Scientific American paper 
(Mullis, 1990). The 1993 Nobel prize for chemistry was awarded to Dr Mullis for 
having invented PCR. 
1.5.2. Scope of PCR application 
PCR is widely used in molecular biology and genetic disease research to identify new 
genes. Viral targets such as HIV-1 and HCV can be identified and quantitated by 
PCR. Active gene products can be accurately quantitated using RNA-PCR. ill such 
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fields as anthropology and evolution, sequences of degraded ancient DNAs can be 
tracked after PCR amplification. With its exquisite sensitivity and high selectivity, 
PCR has been used for wartime human identification and validated in crime labs for 
mixed-sample forensic casework. In the realm of plant and animal breeding, PCR 
techniques are used to screen for traits and to evaluate living four-cell embryos. 
Environmental and food pathogens can be quickly identified and quantitated at high 
sensitivity in complex matrices with simple sample preparation techniques (White, 
1997). PCR facilitates cloning of DNA sequencing and forms a natural basis for cycle 
sequencing by the Sanger method (Innis et al., 1988). 
1.5.3. RT .. PCR 
Reverse transcription PCR (RT-PCR) represents a sensitive and powerful tool for 
analyzing RNA (Freeman et al., 1999). It is a highly sensitive tool in the study of gene 
expression at the RNA level and, in particular, in the quantitation of mRNA or viral 
RNA levels. This technique, also known as message amplification phenotyping 
(MAPPing), permits the simultaneous analysis of a large number of mRNAs from 
small numbers of cells (Brenner et al., 1989). RT-PCR can also be used as a first step 
in preparing a cDNA library by PCR of all of the mRJ'fAs in a sample of cellular RNA. 
Such methods have been successful and, with continuous improvements being 
reported, it may be possible to construct a cDNA library from a small number of cells 
or even a single cell Q'fewton and Graham, 1997). This would be important in 
situations where only few cells are available or when the cells of interest cannot be 
propagated. Definitely, PCR in conjunction with reverse transcription (RT -PCR) can 
be used to study mRNA almost at the level of a single cell thus allowing investigations 
that were not previously possible. The result is a revolution in the scale of the nucleic 
acid manipulations and in the number of samples that can easily be handled. 
Reverse transcription is the critical step in R T -PCR experiments. The success of the 
manipulation relies on the quality of the RNA preparation and on the characteristics of 
the enzyme used for the reverse transcription. Reverse transcription remains a delicate 
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manipulation and IS, m some cases, difficult to reproduce especially for long 
retrotranscripts (Edwards et ai., 1995). 
1.5.4. oxidase genes 
It is clear that flower senescence is a highly regulated developmental event requiring 
active gene expression and protein synthesis (Lawton et al., 1989). Identification of 
genes involved in the regulation of senescence could result in the development of 
genetic engineering strategies to control senescence. The genes encoding ACS and 
ACO (acs and aco) have been cloned from many species including carnation, a model 
system for studying the physiology of flower senescence. Transgenic carnations that 
contain an antisense aco gene have been produced using a carnation aco cDNA clone 
(Mol et ai., 1995). When Scania <and White Sim cultivars of carnations were 
transformed with an antisense aco gene, their flowers produced low levels of ethylene 
and exhibited a marked delay in petal senescence (Mol et ai., 1995). Ethylene 
production is tightly regulated, primarily through expression of the ACC synthase 
family of enzymes. The recent identification of the ethylene overproducer eto2 gene 
illustrates the importance of these genes in controlling ethylene production (Vogel et 
ai., 1998). 
Ethylene elicits diverse physiological responses and induces specific changes in gene 
expression during a broad spectrum in a plant life cycle (Chae et ai., 2000). A number 
of developmental pathways in plants result from the activation of generically defmed 
programs that are under the control of ethylene. These include seed germination, leaf 
abscission, fruit ripening, leaf and flower senescence, as well as responses to 
environmental stress such as wounding, anaerobiosis, drought, flooding or pathogen 
attack (Yang and Hoffman, 1984; Abeles et ai., 1992). In recent years, much attention 
has been devoted to the isolation of genes involved in the biosynthetic pathway of 
ethylene (Kende, 1993; Yang and Dong, 1993; Zarembinski and Theologis, 1994) and 
the mechanism of its action (Kieber and Ecker, 1993; Ecker, 1995). The last two steps 
of the biosynthetic pathway are under the control of ACC synthase and ACC oxidase 
(Figure 1-2). ACC synthase catalyses the conversion of S-adenosylmethionine to 1-
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amino-cyclopropane-I-carboxylic acid (ACC), which is then converted to ethylene by 
ACC oxidase. Since ACC synthase is generally regarded as the rate-limiting step in 
ethylene (Yang and Hoffinan, 1984; Zarembinski and Theologis, 1994), work has 
focused on the regulation of ACC synthase gene expression. It is known that ACC 
synthase is encoded by a multi gene family, each gene being differentially regulated 
during plant development (Theologis, 1992) and by the various stimuli known to 
induce ethylene production (Nakajima et al., 1990; Olson et al., 1991; Spanu et al., 
1993; Kende and Zeevart, 1997). 
As is the case with ACC synthase, ACC oxidase is found to be encoded by a gene 
family (Kende, 1993; Kend and Zeevart, 1997). Recent molecular studies have shown 
that ACC oxidase gene family is differentially expressed in different organs, and at 
distinct developmental and physical. conditions (Kende and Zeevart, 1997). For 
example, three ACC oxidase genes were identified from both tomato and melon plants 
(Barry et al., 1996; Lasserre et al., 1996). The expression of each member of gene 
family is spatially and developmentally regulated in a gene-specific manner in 
wounded and ethylene-treated leaves, during the senescence of flowers and leaves, in 
the ripening process of fruits, and in response to pathogen attack (Barry et ai., 1996; 
Lasserre et al., 1997; Blume and Grierson, 1997). In tomato, the ACC oxidase 
transcripts are spatially regulated throughout flower development: ACO] gene was 
expressed predominantly in senescing petals, stigma and style, while A C02 expression 
is mainly restricted to tissues associated with the anther and the AC03 transcripts 
accumulate in all of the floral organs examined apart from the sepals (Barry et ai., 
1996). Liu et al. (1997) have shown that three ACC oxidase homologues, ACCO], 
ACC02 and ACC03, are differentially regulated in sunflower organs, and are induced 
by wounding and silver ion treatment in seedlings. More recently, Hunter and others 
(1999) have examined the expression of three ACC oxidase genes during leaf 
ontogeny in white clover. The results have revealed that TRACO] is expressed 
specifically in the apex, and TRAC02 in the apex and in developing and mature green 
leaves, while the third gene, TRAC03, is active in senescent leaf tissue. These results 
provide evidence that ACC oxidase genes are not constitutive, but the specific 
expression of each member of gene family is critical for the regulation of ethylene 
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biosynthesis in vegetative tissues, as in ripening fruits and flowers. Kosugi and others 
(2000) investigated the expression of these genes in petals of a transgenic carnation 
harboring a sense ACC oxidase trans gene and in petals of carnation flowers treated 
with DPSS [1 , 1-dimethyl-4-(phenylsulfonyl)semicarbazide]. In petals of the 
transgenic carnation flowers, treatment with exogenous ethylene caused accumulation 
of the transcript for cysteine proteinase (Cpase) and wilting, whereas it caused no or 
little accumulation of the transcripts for ACC oxidase and ACC synthase and 
negligible ethylene production. In the petals treated with DPSS, accumulation of the 
transcripts for ACC synthase and ACC oxidase was found, but there was no significant 
change in the level of the transcript for CPase. These results suggest that the 
expression of ACC synthase and ACC oxidase genes leading to ethylene production is 
differentially regulated from the expression of Cpase, which is associated with wilting 
incarnation petals. 
Studies of the regulation of expression based on transcript analysis show an 
accumulation of mRNA during ripening, after wounding of leaves (Holdsworth et at., 
1988; Balague et at., 1993), ethylene treatment of flowers (Tang et at., 1994), and 
elicitor treatment (Felix et at., 1991). However, very little is known about differential 
expression of ACC oxidase genes. So far, only two multigenic families encoding ACC 
oxidase have been isolated and characterized. Three genes were found in tomato 
(Holdsworth et at., 1988) and four, including a pseudogene, in petunia (Tang et ai., 
1993). In tomato, all three genes were shown to be transcriptionally expressed 
(Bouzayen et ai., 1993). Differential expression has been reported in petunia flowers, 
PH-A COl being expressed specifically in senescing corollas, PH-AC03 and PH-
AC04 in developing pistil tissue (Tang et at., 1994). In broccoli, two ACC oxidase 
genes isolated from senescing florets were found to be differentially expressed (Pogson 
et ai., 1995). In other recent work, enhancement of ethylene production by indole 
acetic acid (IAA) was shown to occur via induction of ACC oxidase gene transcription 
by ethylene itself This raises the possibility that, in this instance, ACC oxidase is a 
rate-limiting enzyme in ethylene biosynthesis (Peck and Kende, 1995). Taken 
together, these results show that expression of ACC oxidase genes is not constitutive 
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and that control of their transcription may playa role in regulating the rate of ethylene 
production. 
The enzyme that converts ACC to ethylene is encoded by multi gene families in several 
plant species. Whereas control of ethylene production is largely attributed to ACC 
synthesis (ACS), the differential expression patterns of ACC oxidase (ACO) genes 
suggest that oxidases contribute to regulation of ethylene production as well. Periods 
of ACO induction correlate with ethylene-regulated events in several instances, 
including senescence, fruit ripening, and wounding (Johnson and Ecker, 1998). In 
addition, ACO and ACS together contribute to the positive feedback loop wherein 
ethylene treatment leads to increased ethylene production (Kende and Zeevart, 1997). 
1 ~6. The objective of this study 
Gentian is a new cut flower crop grown in New Zealand. The production is 
continually increasing year by year. Research on the crop includes various aspects but 
particUlarly important one is to improve flower longevity, which is with specific 
commercial importance to New Zealand flower industry. The overall aim of this study 
is to increase our understanding of the critical events leading to the gentian flower 
senescence. To this end, this study would focus on: 
1. To establish a reliable in vitro flowering system for further studies. 
2. To determine the postharvest life of cut gentian flowers with respect to white bud 
development, blue bud opening and flower petal wilting in response to pulsing 
treatments with carbohydrates or STS. 
3. To investigate physiological changes m gentian flowers such as ethylene 
production, soluble sugar and starch content changes in the petals during flower 
senescence in response to pulsing treatments with sucrose or STS. 
4. To identify potential biochemical markers, ego protein-bas ed-markers that may be 
associated with the physiological changes in petal senescence of G. triflora. 
5. To initiate a molecular study approach towards the isolation of ACC oxidase 
(ACO) gene specifically expressed during flower senescence in G. triflora. 
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1.7. Justifica.tion of the contents of thesis 
Chapter one is the introduction where the relevant published literature was reviewed 
and the objectives were given for present study. Chapters two to four are materials and 
methods, results and discussion, respectively, where the fine points of the experimental 
approaches and results were presented and were discussed in details. The last chapter, 
Chapter Five, refined the discussion, and the conclusions were given for the overall 
study in this chapter. The relationship of each objective and the flower sources are 
indicated in Figure 1-3. 
Objective Three 
Physiological 
changes 
In vivo 
Objective One 
In vitro flowering system l overcome seasonal problem 
In vitro flowers 
----------------------~ 
Objective Four 
Biochemical 
marker 
Objective Five 
ACC oxidase 
gene 
Understanding of 
the critical events 
leading to the senescence of 
gentian flowers 
Figure 1-3 Diagrammatic representation of the relationship of each objective 
and plant material adopted in the study 
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Chapter 2. Material and Methods 
2.1. Reagents 
The key chemicals in this study were obtained from following companies: BDH 
chemicals Ltd, Pool, England; BIO-RAD, Hercules, CA, USA; Roche Molecular 
Biochemicals, BOEHRINGER MANNHWEIM, GmbH, Germany; LIFE 
TECHNOLOGIESTM, Gaithersburg, MD, USA; SIGMA®, St. Louis, MO, USA and 
GIBCOBRL Life Technologies LTD, Auckland, New Zealand. 
2.2. In vitro flower system 
2.2.1. Plant material and in vitro shoot multiplication 
Plant material of Gentiana triflora Pall. var. axillariflora Akita Blue was obtained 
from a local gentian farm in Canterbury, New Zealand. The young shoots of G. 
triflora were selected and washed with tap water for one hour. After dipping in 70% 
(v/v) ethanol for 30 seconds, the shoots were surface disinfected in 20% (v/v) 
household bleach (Dynawhite, Wilson Chemicals Ltd. New Zealand) containing 4.8 ± 
0.2% sodium hypochlorite (NaOCI) for 30 min, rinsed 5 times in sterile distilled water, 
and cut into single nodal sections each 15-20 mm long which were cultured in 250ml 
polycarbonate tissue culture vessels (Biolab Scientific Ltd. Auckland, New Zealand) 
each containing 50 ml medium. A modified method was used as described by Zhang 
(1996) for in vitro shoot multiplication in a culture room at 22°C, with continuous 
lighting at 30llmol m-2 S-l of photosynthetic photon flux density (PPFD) provided by 
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white fluorescent tubes. The lower end of the nodal segment was inserted into double-
strength WPM medium (Lloyd and McCown, 1980) containing 2% sucrose (w/v) and 
0.75% agar (w/v) (Bacteriological agar, Germantown company, New Zealand). The 
pH of the medium was adjusted to 5.7 with O.lM NaOH before autoclaving at 121°C 
under 137kPa for 20 min. Benzyladenine (BA) dissolved in DMSO was added to the 
autoclaved medium at the concentration of 0.5 mg rl. After 10 weeks, the in vitro 
shoots were long enough for the following experiments. 
2.2.2. Flowering gradient 
The in vitro shoots were subdivided starting from the apex into five sequential nodal 
segments each 15-20 mm long (Figure 2-1). A single explant was planted upright in a 
250 ml polycarbonate tissue culture vessel containing the same medium and culture 
condition for in vitro shoot multiplication. The number of nodal explants forming 
shoots and flowers was determined after 5 and 12 weeks, respectively. In each 
treatment, there were 10 replicate nodal explants and all experiments had been 
conducted three times. 
2.2.3. Effect of GA3 
The BA in the medium for in vitro shoot multiplication was replaced by different GA3 
concentrations ranging from 0 to 0.2 mg rl. In this and the following experiments, 10-
week-old in vitro gentian shoots were subdivided starting from the apex into 3 
sequential nodal segments each 15-20 mm long. A single explant, chosen randomly 
from the isolated nodal segments as described, was planted upright in the appropriate 
medium in a' 250 ml polycarbonate tissue culture container. The cultures were 
maintained in a culture room at 22°C, with a continuous lighting at 60 /-Lmol m-2 s-l of 
PPFD. 
Chapter Two Material and Methods 42 
Figure 2-1 Nodal segments excised from an in vitro shoot of G. triflora 
In vitro shoot of G. triflora was cut into nodal explants from 1 to 5 (apex to base). 
These nodal segments were used for in vitro shoot and flower investigations as 
described in the text. 
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2.2.4. Effect of pre-incubation in the dark 
The cultures of young nodal explants were placed in a dark room at room temperature 
for 5 weeks before they were transferred to a culture room under a flowering inductive 
light condition, i.e. continuous lighting ofPPFD at 60 Ilmol m-2 S·l, provided by white 
fluorescent tubes for 7 weeks. Alternatively, the cultures were kept in the light for 12 
weeks. In this experiment, the double-strength WPM basal medium was supplemented 
with 0.5 mg rL BA and sucrose concentrations ranging from 1-5% (w/v). 
2.2.5. Interaction between sucrose and light intensity 
The effect of different sucrose concentrations ranging from 1-5% (w/v) plus sugar-free 
control, on in vitro shoot and flower formation of G. triflora was tested with 
continuous lighting of different PPFD, at 30, 60 and 120 Ilmo} m-2 S-l, provided by 
white fluorescent tubes. In this experiment, the base medium was the double-strength 
WPM basal medium supplemented with 0.5 mg rL BA. 
2.2.6. Interaction between SA and light intensity 
BA at concentrations from 0 to 1.0 mg r1 were tested for in vitro shoot and flower 
formation of G. triflora under continuous lighting ofPPFD at 60 llmol m-2 s·l provided 
by white fluorescent tubes. The appropriate BA concentration was added to the 
double-strength WPM basal medium supplemented with 2 % (w/v) sucrose. 
2.2.7. Interaction between pH and light intensity 
The double-strength WPM basal medium consisting of 2 % (w/v) sucrose and 0.5 mg 
rl BA was adjusted to different pH values: 3.7, 4.7, 5.7, 6.7 and 7.7 before 
autoclaving. The effect of these media on in vitro shoot and flower formation was 
recorded after 5 and 12 weeks of culture, respectively. 
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2.2.8. The comparison of in vitro and in vivo flowers 
The in vitro flowers were compared with those collected from the gentian flower farm 
(herein referred to as "in vivo" flowers). The in vitro and in vivo flowers were 
compared in terms of flower size, shape and colour, as well as anther number, pollen 
size and viability. 
2.2.8.1 SEM examination of pollen grains and seed-like structure 
Scanning electron microscope (SEM) observations were conducted for the pollen and 
the seed-like structure of G. triflora. Specimens from both in vitro and in vivo source 
were mounted on stubs for coating. A diode splutter (Polaron E5000) at 50 rnA and 
1.2 kV was used to coat the samples with gold. Over 5 minutes the splutter deposited 
500 run of gold. Electron scanner (LFTCA S440, Cambridge mstruments Ltd, 
Cambridge, England) operation was conducted using secondary electrons at 50 to 100 
pA probe current and 5 kV EHT. 
2.2.8.2 Viability test of the pollen grains 
The anthers were removed from both in vitro and in vivo flowers of G. triflora to 
obtain pollen for viability test using the Alexander's procedure (Alexander, 1969). The 
stain was prepared by adding the various constituents in the order as follows: 10 ml of 
95% alcohol, 10 mg of Malachite green (Aniline) (1 ml of 1% solution in 95% 
alcohol), 50 ml of distilled water, 25 ml of glycerol, 5 gm of phenol, 5 gm of chloral 
hydrate, 50 mg of fuchsin acid (5 ml of 1 % solution in water), 5 mg of orange G (0.5 
ml of 1 % solution in water) and 1-4 ml of glacial acetic acid. Pollen specimens from 
both in vitro and in vivo flowers were mounted directly in a drop of the stain 
separately, covered with a cover slip, warmed over a small flame, and examined under 
a microscope (Olympus CHK). Photos were taken when required under a 
photomicrographic system (Olympus Biological Microscope BH2 with Olympus 
Automatic Photomicrographic System PM-lOADS). 
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2.2.8.3 Germination test of the pollen grains 
WPM medium with 10% (w/v) sucrose and 1 % agar was used for pollen germination 
test. Pollen grains from either in vitro or in vivo flowers were cultured on the medium 
in Petri dishes (50 mm in diameter), with 3 replicates, at 23°C in the dark and observed 
every 30 min under a stereomicroscope. 
2.2.8.4 Pollination test 
Hand pollination for both in vitro and in vivo flowers were conducted to examine the 
capacity of both types of plants for seed production. For pollination of in vitro plants, 
pollen grains were transferred from anther to stigma with a disinfected small brush in a 
lamina flow cabinet, while several gentian plants grown in the local gentian farm were 
similarly hand pollinated. 
2.2.9. Statistical analysiS 
The test of homogeneity, Chi-square (X2), was used for comparison of binomial data 
expressed as decimal fractions or percentages using Analytical Software Statistix for 
Windows 3.6. A fixed model one-way analysis of variance (ANOVA) was used for 
analysis of the effect ofthe treatments on the production of flowers and shoots in vitro. 
Data were presented using Scientific Graphing Software "SigmaPlot®", Version 2.0 
(Jandel Corporation). 
2.3. Study on post-harvest life of cut gentian flowers 
2.3.1. Vase life assessment 
2.3.1.1 Plant materials 
Gentian flowers were freshly harvested from a local grower in Canterbury, New 
Zealand. The stems used were 60 cm long with 8-10 leaf pairs, 10-15 open flowers 
and 12-15 buds (blue and white). 
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2.3.1.2 Sugar pulsing treatments 
(1) The effects of pulsing with different sucrose concentrations ranging from 1 to 10% 
(w/v) were tested. (2) The effects of pulsing with fructose, glucose or sorbitol singly 
were tested at one concentration, 87.6 mM which is osmotically equivalent to 3% 
sucrose (w/v). The cut end of the flower stems were placed in 1000-ml Erlenmeyer 
flasks each containing 200 ml of a test solution plus 200 mg rl 8-hydroxyquinoline 
sulphate (HQS) (Sigma St Louis USA) at room temperature for 24 hours. HQS 
dissolved in water (200 mg rl) was used as control. HQS was recommended as a 
germicide in a vase solution by Zagory and Reid (1986). 
2.3.1.3 STS pulsing treatments 
The effects ofSTS at different concentrations ranging from 0.2 to 5.0 mM were tested. 
A stock solution of 100 ml STS was prepared as follows: 1.7g silver nitrate (AgN03) 
(BDH Poole England) and 20 g sodium thiosulphate (Na2S203·5H20) (Sigma St Louis 
USA) were dissolved in 50 ml de-ionized water each separately, before the silver 
nitrate solution was added with continuous stirring to the sodium thiosulphate solution. 
The resulting 100 ml of stock solution contained approximately O.IM AgN03 and 
0.8M Na28203·5H20 with a ratio of silver (Ag) to thiosulphate (820 3) of 1 :8, which is 
generally regarded as optimum for treating flowers (Denise Farr, Lincoln University, 
Canterbury, New Zealand, personal communication). ST8 pulsing solutions were 
made by, for example, taking 2 ml of stock solution and diluted to 1000 ml to give a 
solution with 0.2 mM silver. The flower stems were pulsed with these solutions in 
1000 ml Erlenmeyer flasks each containing 200 ml of a test solution with 200 mg rl 
HQ8 at room temperature for 24 hours. 
2.3.1.4 Vase life appraisal 
Immediately after pulsing treatment, the stems were transferred to flasks containing 
de-ionized water with 200 mg rl ofHQ8 for vase life assessment in a growth room at 
22°C, 70% relative humidity, and 16 hours of illumination daily at a photosynthetic 
photon flux density (PPFD) of 60 /-lmol m-2 S-1 using cool white fluorescent tubes. 
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Each stem was inspected visually to determine the number of white buds turning blue, 
blue buds opening and open flowers becoming wilted every day. The vase life of open 
flowers is considered over when the petals began to lose their turgor. 
2.3.2. Changes in carbohydrate contents 
2.3.2.1 Plant materials 
In vitro flowers of G. triflora were collected freshly at the anthesis in Plant 
Biotechnology Laboratory, Department of Plant and Microbial Sciences, University of 
Canterbury, New Zealand. The flowers were treated with sucrose, fructose, glucose 
and sorbitol each at 87.6 ruM or STS at 0.5 ruM for 24 hours at room temperature. 
2.3.2.2 Extraction of petal 
The petals of in vitro flowers from the different treatments were placed into a pre-
chilled mortar and grounded to a fine powder with liquid nitrogen. In a total volume 
of 5.0 ml of 80% (v/v) ethanol, 50 mg of fine powder was extracted and then 
centrifuged at 11000 rpm for 10 minutes at 2°C [Eppendorf refrigerated centrifuge 
(5403)]. Two fractions were obtained for the soluble sugar and starch assays. 
2.3.2.3 Soluble sugar assay 
The soluble sugar content of the supernatant after centrifugation was determined 
(Dubios et al., 1956). To 0.5 ml ofthe test solution, 0.5 ml of 5% (w/v) phenol and 1.0 
ml of concentrated H2S04 were added to the solution and mixed thoroughly. The 
absorbance of each sample was read at 490 nm (Zenspec II spectrophotometer) using 
glucose as a standard. 
2.3.2.4 Starch assay 
The starch content of the pellet after centrifugation was estimated using a method 
described by Bewley et al. (1993). Starch was extracted from the resulting pellet with 
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6.0 ml of 30% (v/v) perchloric acid. The slurry was left at room temperature for 24 
hours. The amount of amylose was estimated using an iodine reagent, which was 
freshly prepared by mixing 0.1 ml iodine stock with 9.9 ml of 0.05 M HCI. To 0.5 ml 
ofthe starch solution, 0.5 ml of iodine reagent and 1.0 ml of 30% (v/v) perchloric acid 
were added and the solution was vortexed. The absorbance of each reaction mixture 
was measured at 620 nm (Zenspec II spectrophotometer), using soluble potato starch 
as a standard. 
2.3.3. Ethylene production 
In vitro flowers were pulsed with water, 3% sucrose or 0.5 mM STS solutions for 24 
hours before they were transferred to new jars containing only water for ethylene 
measurement over a period of 14 days. Individual petals isolated from intact flowers 
after the respective treatments were enclosed in 250 ml jars with a rubber septum. 
Following a 2-hour incubation period at room temperature, 2 ml gas samples were 
withdrawn into a syringe and ethylene concentration was analyzed using a gas 
chromatograph (HP 6890) equipped with an activated alumina column and a flame 
ionization detector. 
2.3.4. Autocatalytic ethylene production 
The modified method of Woodson and Lawton (1988) for autocatalytic ethylene 
production measurement was used. In vitro flowers were removed from the 
polycarbonate tissue culture containers and then equilibrated in air for 15 min with the 
cut end inserted into a small vial containing dH20. The flowers were treated with 
water, 3% sucrose or 0.5 mM STS for 24 hours prior to the initiation of ethylene 
treatments. The flowers were placed in 1 L jars, and ethylene was injected into the jars 
through a rubber septum in the lid using a hypodermic needle to a final concentration 
of 20 III r 1 (20 III of 1000 mg rl standard ethylene to each I L jar). Saturated KOH 
was placed in the jar with a paper wick to absorb evolved CO2• Control flowers were 
enclosed in jars without added ethylene. The flowers were exposed to exogenous 
ethylene for 24 hours. After this, petals were detached from the flowers and 
equilibrated with air for 15 min before 0.5 g of petals were placed in a 5 ml serum viaL 
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Preliminary tests showed that a 30-min-accumulation-time in the vials was the optimal 
time for ethylene collection. After 30 min 1 ml gas sample was withdrawn using a 
syringe and ethylene concentration was analyzed using a gas chromatograph (HP 
6890) equipped with an activated alumina column and a flame ionization detector. 
The amounts of ethylene produced were calculated according to the fresh weight of 
petal (g), incubation time (h) and the concentration (nl) converted from peak readings 
(PA) from GC against ethylene standard curve: 
y = 0.2119x + 0.0286 
C(nl/gfw/h) (PA - 0.0286/0.2119) 1 g 1 h 
2.3.5. Radioactive studies 
[U-14C]Sucrose at 7.40 MBq/ml (200 !lCi/ml) was purchased from Amersham 
Pharmacia Biotech UK Limited. Method used here followed the instruction provided 
by Amersham Pharmacia Biotechnology UK Ltd. Gentian flowers were freshly 
collected at their anthesis stage. Individual flowers were randomly chosen and put into 
a 10ml-vial for pulsing for 24 h with 5 ml of 87.6 mM sucrose solution plus 78 KBq 
14C-sucrose. The experiment was conducted twice. The 14C labelled petals were 
weighed and ground into a fine powder for soluble sugar and starch determination as 
described earlier here. Four replicate aliquots of 0.3 ml each of the ethanol-soluble 
fractions or 0.1 ml each of the perchloric acid extracts of the ethanol-insoluble 
fractions were placed in scintillation vials. To each vial, 5 ml liquid scintillation 
cocktail (Amersham Pharmacia Biotech UK Ltd.) were added, and then all the vials 
were left in the dark for 2 hours at room temperature. A liquid scintillation counter 
(Wallac 1410) was programmed to detect 14C radioactivity. 
2.3.6. Statistical analYSis 
Using Analytical Software Statistix 3.7 for Windows, a fixed model one-way analysis 
of variance (ANOVA) was used for analysis of the data from different treatments in an 
experiment. The results were then compared using Tukey's multiple comparison test, 
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except the 14C experiment in which the significant differences between 2 treatments 
were tested using Student's t-test tests. Treatments are presented using Microsoft® 
Excel 97 (Microsoft Corporation) and Scientific Graphing Software "SigmaPlot@", 
Version 2.0 (Jandel Corporation). 
2.4. Biochemical changes in petal senescence 
2.4.1. Plant material 
Fresh in vitro flowers at different stages, e.g. blue buds, opened flowers and wilted 
flowers, were collected in the Plant Biotechnology Laboratory, Department of Plant 
and Microbial Sciences, University of Canterbury, Christchurch, New Zealand. 
2.4.2. Pulsing with sucrose and STS 
Flowers were collected freshly and pulsed with 3% (w/v) sucrose or 0.5 mM STS 
solutions for 24 hours at room temperature, respectively. As a control, one group of 
flowers was pulsed with de-ionized water for 24 hours at room temperature. 
2.4.3. Preparation of crude extracts (CE) 
The gentian flowers treated with 3% (w/v) sucrose, 0.5 mM STS or dH20 (control) and 
the petals, sepals and reproductive parts were weighed and homogenized in liquid N2• 
One ml of 0.1 M sodium phosphate buffer (PH 7.0) (Appendix AI) was added to each 
sample, in an Eppendorf tube, and mixed welL After incubating for 30 min on ice the 
samples in Eppendorf tubes were centrifuged at 11000 rpm for 5 min at 4°C. The 
supernatants were stored at - 20°C. 
2.4.4. Total amylase assay 
The optimum concentration of crude enzyme (CE) used for total amylase assay were 
first determined from preliminary trials. For the total amylase assay, tube I was set as 
control containing 600 /-11 of 0.2 M acetate buffer (PH 5.2) (Appendix A2) and 50 /-11 
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CEo Tube II contained 350 III acetate buffer and 50 III CEo In tube III, 350 III acetate 
buffer, 50 III CE and 200lli of 0.2% starch were added. After vortexing, the mixtures 
were incubated at 37°C for 15, 30, 45 and 60 min in a water bath. After this, all the 
tubes were placed on ice. To the tube II, 200 III of 0.2 % starch were added, 3 ml of 
iodine reagent to each tube to stop the enzyme reaction before absorbance was read at 
620 mn using a spectrophotometer (Zenspec II). All the tubes were in triplicates. 
To investigate amylase activity at optimum pH, sodium phosphate buffer at pH from 4 
8 (Appendix AI) were used in the assay reaction mixtures. 
2.4.5. Native Page of amylase 
Before running native page gels, separating gel, stacking gel and electrophoresis buffer 
were made following the recipes shown in Appendix Bl, B2 and B3, respectively. CE 
(20 Ill) was mixed with 10 III of 60% sucrose and 5 III of 0.003% bromophenol blue, 
and loaded onto the wells. The gels were run at constant 120 V in a cold room (4°C) 
for about one hour. The gels were removed from the mini-gel apparatus and then 
incubated in 0.5% soluble potato starch solution at 37°C for 30 min before they were 
stained with the iodine reagents (Appendixes A3 and A4) for 10 min in darkness. 
2.4.6. Type of amylase assay 
Two sets of boiling tubes were placed on ice with 50 III CE prepared from the petals, 
sepals and reproductive parts of gentian flowers. Aliquots of 350 III acetate buffer 
each were added to tube I and tube II but 600 III to a control tube. After this, 50 III of 
the crude extracts was added to each of the tubes I and II. The mixtures were vortexed 
and incubated at 70°C in a water both for 5 min. The tubes were then placed in ice and 
an aliquot of 200 III of 0.2% starch was added to tube II. After incubation at 37°C in a 
water bath for 15 min, the tubes were placed in ice and an aliquot of 200 III of 0.2% 
starch was added to the tube I. Finally, 3 ml iodine reagent (Appendix A3) were 
freshly prepared from iodine stock (Appendix A4) and added to each tube. The 
absorbance was read at 620 mn using a spectrophotometer (Zenspec II). 
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2.4.7. Determination of hydrolysis products by paper 
chromatography (PC) 
2.4.7.1 Solvent system (Scott, 1969) 
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The solvent system for paper chromatography was a mixture of ethyl acetate / pyridine 
/ water (12:4:3, v/v). 
2.4.7.2 Sugar detection reagents (Scott, 1969) 
The spray reagent for sugar detection on paper chromatograms was a mixture of 
diphenylamine / aniline / phosphoric acid. This was prepared as in the following: (1) 4 
grams of diphenylamine were dissolved in 80 ml acetone before being made up to 100 
ml with more acetone; (2) 4 ml aniline were added to 96 ml acetone and mixed well; 
(3) 20 ml of 85% ortho-phosphoric acid. These solutions were mixed just prior to use. 
2.4.7.3 Starch hydrolysis by crude extracts from the flower parts 
2.4.7.3.1 Total sugar product assay 
An Eppendorf tube was placed on ice containing 350 f.tl of 0.2 M acetate buffer (PH 
5.2) (Appendix A2), 200 j.tl of 0.2% soluble potato starch and 50 j.tl the substrate. 
After incubation at 37°C for 15 min in a water both, the mixture was placed on ice 
before aliquots (20 j.tl each) were taken for sugar product determination using PC. 
2.4.7.3.2 a.-Amylase test 
This was done by selective inactivation of p-amylase during heating at a high 
temperature with and without Ca2+. An Eppendorf tube was placed on ice containing 
300 j.tl of 0.2 M acetate buffer (pH 5.2) (Appendix A2), 50 j.tl of 10 ruM CaCh, 200 j.tl 
of 0.2% soluble potato starch and 50 f.tl CEo Alternatively the reaction mixture 
consisted of 350 j.tl of 0.2 M acetate buffer (PH 5.2) (Appendix A2), 200 j.tl of 0.2% 
soluble potato starch and 50 j.tl CEo The mixtures were first incubated at 70°C in a 
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water both for 5 min before they were incubated at 37°C for 15 min. After this, 
aliquots (20 III each) were taken for sugar product analysis using PC. 
2.4.7.3.3 ~-Amylase test 
This was done by selective inactivation of a-amylase by lowering the pH of the 
incubation medium and by the use of EDTA as inhibitor. In an Eppendorf tube, the 
reaction mixture consisting of the following substances was incubated in a water bath 
at 37°C for 15 min: 350 III of 0.1 M citric buffer (PH 3.0) (Appendix AS), 200 III of 
0.2% soluble potato starch and 50 III CEo Alternatively, the reaction mixture consisted 
of 300 III of 0.2 M acetate buffer (PH 5.2) (Appendix A2), 200 III of 0.2% soluble 
potato starch, 50 III CE and 50 III of 40 mM EDTA in an Eppendorf tube and was 
incubated at 37°C for 15 min. After this, aliquots (20 III each) were taken for sugar 
product analysis using PC. 
2.4.7.4 Running PC 
Sugar products from starch hydrolysis were determined by spotting the reaction 
mixtures onto Whatman No.1 paper (12 cm wide). Chromatographic standards used 
were glucose and maltose. In a sealed glass tank, PC was run 3 times each for 1 h at 
room temperature. A hair drier was used to dry up the paper in a fumehood between 
each run. Sugars on the chromatograms were visualized using the colour development 
reagent (see section 2.4.7.2) from a glass sprayer connected to an air source in the 
fumehood. 
2.4.8. Protein assay 
The methods used in this section followed the user's manual of GIBCOBRL Life 
Technologies Ltd, 1995 except otherwise indicated. 
2.4.8.1 Preparation of protein from samples 
The gentian flowers treated each with 3% (w/v) sucrose, 0.5 mM STS and dH20 
(control) and the petals, sepals and reproductive parts were weighed and homogenized 
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in liquid N2. One ml of 0.1 M sodium phosphate buffer (PH 7.0) were added to each 
sample in an Eppendorf tube and mixed well. After incubating for 30 min on ice the 
samples in Eppendorf tubes were centrifuged at 11000 rpm for 5 min at 4°C. The 
supernatants were stored at - 20°C. 
2.4.8.2 Standard curve 
From a stock solution (100 mgrl) of bovine serum albumin, Fraction V (BSA), several 
diluted solutions ranging from 0 to 100 ~g mr! were prepared. In a test tube, 1 mlof 
Commassie blue dye was mixed with 1 00 ~l of a diluted protein solution (Bradford, 
1976). The absorbance was read at AS9S nm on a spectrophotometer (Zenspec II). 
2.4.8.3 SDS-P AGE of proteins 
SDS-PAGE of gentian flower proteins was performed using the procedure as described 
by Laemmli (1970). 160 ~l crude extract was mixed with 40 ~l of a 5x SDS PAGE 
sample buffers (Appendix A6) and heated in a boiling water bath for 5 min. The 
samples and the SDS-PAGE molecular weight standards (broad range, BIO-RAD) 
were loaded onto the gels BIO-RAD Mini-Protean II gel.apparatus. Electrophoresis 
was performed at 200 V at room temperature for about 45 min. After staining with 
Coomassie blue for 30 min and then destaining with the destaining solution for 1 h, the 
gel was placed in fresh de staining solution overnight. 
2.4.9. Isoe/ectric focusing of a-amylase 
The samples (petals, sepals and reproductive parts) were homogenized in 0.2 M 
sodium succinate buffer (PH 5.5) (Appendix A 7) containing 10 mM CaCh (200 ~l / 
flower) and the homogenates were heated at 70°C for 5 min, cooled in ice, and 
centrifuged at 10,000 rpm for 5 min. The supernatants were stored at - 20°C. 
Bio-Rad Mini-Protean II Gel System was assembled following the manufacturer's 
instruction. For two 8 x 7 cm x 0.75 mm mini gels, the following solutions were 
combined in a small Erlenmeyer flask: 6.7 ml H20, 3 ml of 0.2% soluble potato starch 
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solution, 2 ml Solution A (Appendix A8), 48 J.lI ampholyte solution for pH 3.5-10 and 
240 J.lI ampholyte solution for pH 4-6. After degassing for 15 min under vacuum, 50 
J.lI of 10% (w/v) ammonium persulfate and 20 J.lI TEMED were mixed gently with the 
degassed acrylamide solution. About 130 ml of the catholyte (20 mM sodium 
hydroxide) were placed in the upper buffer chamber, and 250 ml anolyte (10 mM 
phosphoric acid) were placed in the lower buffer chamber. 
Each enzyme sample was mixed with an equal volume of2 x sample buffer (Appendix 
A9) (eg. 15 J.lI: 15 J.lI) and centrifuged at 10,000 rpm (Eppendorfcentrifuge) for 5 min 
before the cleared samples were loaded onto the gels. Isoelectric focusing gels were 
run at room temperature at 200 V for 1.5 h and then 400 V for 1.5 h (constant 
voltages). The gels were removed from the mini-gel apparatus, and then stained with 
the iodine reagent (Appendixes A3 and A4) for 10 min in the dark. 
2.5. ACC oxidase gene expression OM A preliminary study 
2.5.1. Plant material 
Fresh in vitro flowers at different stages, e.g. blue buds, opened flowers and wilted 
flowers, were collected in the Plant Biotechnology Laboratory, Department of Plant 
and Microbial Sciences, University of Canterbury, Christchurch, New Zealand. 
2.5.2. RNA preparation 
The methods used in this section followed the user's manual of GIBCOBRL Life 
Technologies Ltd. Except otherwise indicated. 
2.5.2.1 RNA isolation 
Fresh petals (80-100mg) of in vitro flowers were homogenized in 1 ml of TRIZOL 
Reagent (GIBCOBRL Life Technologies, NY, USA) using a mortar and pestle. The 
homogenized tissue samples were transferred to a 1.5 ml Eppendorf tube. Following 
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incubation of the homogenized samples for 5 min at room temperature, 0.2 ml 
chloroform was added to the tube. The tube was capped securely and shacked 
vigorously by hand for 15 seconds and incubated at room temperature for 2 to 3 min. 
Following centrifugation at 11,000 rpm for 15 min at 4°C, the mixture was separated 
into a lower red, phenol-chloroform phase, a white organic inter-phase, and a purple 
upper aqueous phase. RNA was partitioned exclusively in the aqueous phase. The 
RNA was precipitated from the aqueous phase by mixing with 0.5 ml of isopropyl 
alcohol. After incubation at room temperature for 10 minutes, the mixture was 
centrifuged at 11,000 rpm for 10 min at 4°C. After removal of the supernatant, the 
RNA pellet was washed twice with 1 ml of75% ethanol by vortexing and centrifuging 
at 7,500 rpm for 5 min at 4°C. Following removal of the ethanol, the RNA pellet was 
dried under vacuum for 15 min, dissolved in 50 ,.tl of RNase-free water (Appendix C1) 
and incubated for 10 min at 55 to 60°C in a water bath. The RNA was stored at 80°C 
until use. 
2.5.2.2 Quantification of isolated total RNA 
Total RNA was successfully isolated from petals of in vitro G. triflora flowers. These 
included flowers treated with 3% sucrose or 0.5mM STS plus control (water pulsed). 
The RNAs were diluted with RNase-free dH20 by 50 or 100 folds before their 
amounts were quantified using a spectrophotometer (LKB Biochrom Ultrospec® Plus 
4054). A total of 300 III of diluted RNA sample was enough for one measurement and 
3 replicates for each sample were tested. Partially dissolved RNA samples had an 
A26of28o ratio < 1.6 (according to the user's manual of GIBCOBRL Life Technologies 
Ltd., 1995). Total RNA concentration was calculated using the data obtained from the 
spectrophotometer according to following formula: 
CRi'!A I-u-df 
(Dr. Leung, Universtiy of Canterbury, Christchurch, New Zealand, personal 
communation) 
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Where 
CRNA is the concentration of RNA (~g mrl) 
f is the coefficient of RNA concentration at A260 
1 unit of RNA at A260 = 40 ~g mrl (according to the user's manual of 
GIBCOBRL Life Technologies Ltd., 1995) 
u is the data (unit) read at A260 
df is the fold to the dilution of the original RNA solution 
therefore 
CRNA Control /'u'df= 40 x 0.2 x 50 400 ~g mrl = 0.4 ~g ~rl 
CRNA Sucrose /'u·df= 40 x 0.094 x 100 = 376 ~g mrl 0.4 ~g ~rl 
CRNA STS /'u'df= 40 x 0.153 x 100 610.6 ~g mrl 0.6 ~g ~rl 
2.5.3. Reverse transcription to generate cDNA templates 
To generate cDNA templates, reverse transcription was performed in combination with 
PCR. 
2.5.3.1 Primer designing 
The primers for amplification of a conserved domain of ACC oxidases in several 
plants were designed by Dr. Leung (Universtiy of Canterbury, Christchurch, New 
Zealand, personal communation) as follows: 
Primer 1: downstream primer AOI 
5'-CC(GIAlT/G)CC(C/T/T/G)TG(T/G)CC(AlGIAlA)AA(C/T)CC(G/G/GIG)GA-3' 
Primer 2: upstream primer A02 
5' -TT(G/C/T/T)CC(CI AlAI A)TG(T/C)CC(T IT/G/G)AA(C/T)CC(C/C/T/T)GA-3' 
The designed primers were manufactured by GIBCOBRL Life Technologies LTD, 
Auckland, New Zealand. 
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2.5.3.2 Optimization of RNA concentration in RT-PCR 
Titan ™ One Tube RT -PCR System (Roche Diagnostics GmbH, Mannheim, Germany) 
was utilized in this study. For preparation of master mixes, the reaction components 
were set up on ice as shown in Table 2-1 and Table 2-2 for Master mix I and Master 
mix II in 3 separate, nuclease free O.2ml-thin-wall-PCR-tubes (Salmond Smith Biolab 
Ltd, Auckland, New Zealand): 
Table 2-1 Master Mix I for RT -peR 
Final 
Components Tube 1 (control) Tube 2 (sample) concentration 
Volume (Ill) Volume (Ill) in the RT-PCR 
dNTP (lOmM) 1 0.2mM 
downstream primer 1.3 l.3 0.4 !lM 
A01(2OIlM) 
upstream primer l.3 1.3 O.4IlM 
A02 (2OIlM) 
template RNA 0 1* O.4llg* 
DTT -solution (100IlM) 2.5 2.5 5mM 
sterile dH20 18.9 17.9 
Total 25 25 
*1111, 2111 and 3111 of template RNA were used, each containing O.4l1g, O.81lg and 1.211g total R.~A in 
samples, respectively. This was designed to test the effect of the amount of RNA on the efficiency of 
RT-PCR. Sterile dH20 was reduced to 16.9111 and 15.9 III from 17.9 Ill, respectively, according to the 
RNA volume used. 
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Table 2-2 
Components 
5x RT-PCR buffer with Mg2+ 
Enzyme mix 
sterile dH20 
Total 
Master Mix II for RT -peR 
Tube 3 
Volume (~l) 
20 
2 
28 
50 
Fiual concentratiou in the RT-PCR 
1.5 mMMgClz 
AMY and Expand High Fidelity 
PCR-System 
59 
From tube 3, 25 ~l of the mixture were taken and added to tube 1 or tube 2 in the 
master mix I (Table 2-1). The tubes were centrifuged briefly to collect the sample at 
the bottom of the tubes and then 30 ~l of mineral oil was overlaid in each tube. 
Program TED I (Appendix Dl) was run for the thermal cycling on a Programmable 
Thelmal Controller (PTC-100, MJ Research, Inc.). 
2.5.3.3 Testing RT -peR results by electrophoresis through agarose 
gels 
BIO-RAD MINI SUB ™ DNA gel electrophoresis apparatus was used for running 
agarose gel electrophoresis. TAE buffer was prepared as a SOx stock solution 
(Appendix C2). To make a 1 % (w/v) gel in 30 ml of 1 x TAE buffer, 0.33g agarose 
(BIO-RAD) were mixed with 30 ml of the buffer. The agarose was dissolved after 
heating in a microwave oven for about 1 min. Five f!l of DNA molecular weight 
marker (Appendix C3) and 10 f!l sample mixed with 5 f!l DNA loading buffer (Type 
III) (Appendix C4) were loaded into the slots of the submerged gel. The agarose gel 
electrophoresis was run at 80V for 1 hour. After this, the gel was stained with 
ethidium bromide (0.5 f!g mrl) for 10 min at room temperature, washed in rUlming 
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water for 15 min and examined under UV light. The gels were photographed using a 
camera (Electrophoresis Documentation and analysis System 120, Kodak Digital 
Science) and an electronic UV transilluminator (ULTRA· LUM). The molecular 
weight of newly synthesised cDNA was calculated according to the equation displayed 
on the standard curve, 
y 92.165x 1465.2 9216.5 x 26 1465.2 931 bp (0.931 kb) 
(This equation is obtained from the molecular weight standard curve made using 
Scientific Graphing Software "SigmaPlot®") 
2.5.4. Recovery of DNA product from low-melting-
temperature agarose 
ill this study, low-melting-temperature (LMT) agarose was used for recovery of DNA 
fragment produced from RT -PCR. 
LMT agarose at 0.7% (w/w) was dissolved by heating in the electrophoresis buffer (1 
x TAE buffer, Appendix C5) at 70°C. After cooling to 37°C, the agarose solution was 
poured and kept at 4°C to ensure that the gel was set properly. The sample DNAs, 10 
J.tl each mixed with 5 J.tl loading buffer were loaded onto the agarose gel and 
electrophoresis was carried out at 4°C for 70 min, at 80V. After this, the gel was 
stained in 0.5J.tg mrl of ethidium bromide solution for 10 min, rinsed in tap water for 
15 min, and the DNA segment on the gel was cut under UV light and placed in an 
Eppendorf tube. Five volumes of 20 ruM Tris·HCI (pH8.0) and 1 ruM EDTA were 
added. The gel was melted by heating at 65°C for 5 min in a water bath. At room 
temperature, the melted gel slices were extracted with an equal volume of phenol (0.2 
ml). The aqueous phase was recovered by centrifugation at 20°C for 5 min, and then 
re-extracted with phenoVchloroform followed by chloroform. The DNA was 
recovered by precipitation with 0.4 ml of absolute ethanol followed by 0.4 ml of 70% 
ethanol. The DNA was dried in a vacuum for 15 min before it was dissolved in 20 J.tl 
sterilized dH20. 
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Yield of the DNA recovered from LMT agarose was determined using a 
spectrophotometer (LKB Biochrom Ultrospec® Plus 4054) to measure absorbance at 
A260. The concentration of recovered cDNA was then calculated according to the 
readings and the following formula. One A260 unit equals 50J,tg of double-stranded 
DNA/ml (according to the user's manual ofGIBCOBRL Life Technologies Ltd., 1995). 
eDNA = f.u.df 
(Dr. Leung, Universtiy of Canterbury, Christchurch, New Zealand, personal 
communation) 
where 
CDNA is the concentration of DNA (J,tg mrl) 
f is the coefficient of DNA concentration at A260 
1 unit of DNA at A260 50 J,tg rurl 
u is the data (unit) read at A260 
df is the fold to the dilution of the original DNA solution 
therefore 
CDNA= j-u'df= 50 x 0.021 x 100 105 J,tg mr! = 0.105 ~g ~rl 
2.5.5. The amplification of cDNA directly from RT .. PCR 
products 
2.5.5.1 Procedure of re-amplification using RT -peR product as the 
template 
Different concentrations of the RT-PCR product was tested to further optimize the 
PCR reaction. The volumes used were listed in Table 2-4, where 1, 5 or 10 J,tl of the 
template was tested and the volume of sterile dH20 was reduced to 39.6 ~l or 34.6 ~l 
from 43.6 J,tl according to the increasing volume ofthe templates. 
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Table 2-4 Optimization of the concentration of RT -PCR product in DNA 
amplification using PCR 
Components Volume 0..1.1) Final concentration in 
thePCR 
dNTP(10mM) 1 0.2mM 
downstream primer AO 1 (20flM) 1.3 004 flM 
upstream primer A02 (20flM) 1.3 004 11M 
template (eDNA) 1 (5 or 10) ~ 1 flg (5 or lOllg) 
Taq (5 units flrl) 1 Oo42U 
Buffer (lOx) 6 Ix 
MgCl2 (1.5mM) 4.8 7.2 mM 
sterile dH20 43.6 (39.6 or 34.6) 
Total 60 
2.5.6. DIG DNA labelling and detection 
62 
For labelling of the RT -peR product, digoxigenin (DIG) was coupled to dUTP via an 
alkali-labile ester-bond. The use of the alkali-labile form of DIG-ll-dUTP enables 
easier and more efficient stripping of blots for re-hybridization experiments with a 
second DIG-labelled probe. The DNA probes, labelled with DIG-ll-dUTP, were 
denatured by incubation in a boiling water bath. 
2.5.6.1 DNA labelling 
DIG-labelled DNA probes were generated enzymatically according to the method of 
random primed labelling which is based on the hybridization of random 
oligonucleotides to the denatured DNA template. The complementary DNA strand 
was synthesized using the Klenow enzyme (Roche Diagnostics GmbH, Mannheim, 
Germany) that used the 3 'OR termini of the random oligonucleotides as primers and a 
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mixture of deoxyribonucleosides containing DIG-ll-dUTP resulting in incorporation 
of digoxigenin into the newly synthesized DNA. To test the labelling efficiency, two 
types of enzyme were tried; these were Klenow enzyme and Taq polymerase. DIG 
DNA labelling reactions were performed by mixing the components shown in Table 
2-5. 
Table 2-5 DIG-labelling DNA by PCR 
Components Volume (Ill) Final concentration in the 
PCR 
dNTP* (lmM) 5 OA2JlM 
dNTP(lmM) 5 OA2J.lM 
Downstream primer AOI (20J.lM) 1.3 OA J.lM 
Upstream primer A02 (2OIlM) 1.3 OA JlM 
DNA Template 2 :::; 2 J.lg 
Klenow (2U J.lrl) or Taq (5U Ilrl) I Klenow 0.07 U; Taq OA2U 
Buffer (1 Ox) 6 1 x 
MgClz (1.5 mM) 4.8 7.2 mM 
ddHzO 33.6 
Total 60 
*Contains dUTP 
DIG DNA labelling was via standard PCR procedure. The programme TED II was 
performed for this experiment (Appendix D2). 
2.5.6.2 Quantification of labelling efficiency 
The yield of DIG-labelled DNA was estimated in comparison to a DIG-labelled 
control-DNA in a dot blot followed by direct immunodetection with the colour 
substrate NBTIBCIP. 
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DIG-labelled control-DNA was diluted 1:5 using sterile dH20 to a concentration of 1 
jlg mrl. After preparing the dilution series of DIG-labelled control-DNA, a series of 
the dilutions ranging from 0.01 pg to 10 pg were spotted (ljlllspot) onto a dry nylon 
membrane (positively charged, Boehringer Mannheim). After drying up at room 
temperature, the membrane was cross-linked by UV light using an UV transilluminator 
(Mineralight@, UVSL·25, Watson Victor LTD, Australia) for 3 min, then incubated in 
blocking solution (Ix) (Appendix C6) at room temperature for 30 min and in antibody 
solution (Appendix C7) for 30 min at room temperature. The membrane was washed 2 
x 15 min in washing buffer (Appendix C8) and equilibrated for 5 min in detection 
buffer (Appendix C9) at room temperature. After incubating in freshly prepared 
colour substrate solution (Appendix ClO) for 5 min (no shaking during colour 
development, this is very important), the membrane was placed into a petri dish. The 
petri dish was put in darkness for 24 hours at room temperature. The reaction was 
stopped by washing the membrane in water for 5 min. Spot intensities of the control 
and experimental dilutions were compared to estimate the concentration of the DIG-
labelled probe DNA. Finally, the results were documented by scanning using a 
scanner (Nikon Scantouch). 
2.5.7. RNA Dot Blotting 
2.5.7.1 Sample RNA treatment 
Gentian petal RNAs were diluted to > 0.2 jlg jlrl in RNA dilution buffer (Appendix 
C11) before 1jll of each sample was spotted onto a dry nylon membrane (positively 
changed, Boehringer Mannherim) using a micropipettor. The RNAs were fixed to the 
membrane by UV crosslinking for 3 min using an UV transilluminator (Mineralight@, 
UVSL·25, Watson Victor LTD, Australia). 
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2.5.7.2 Hybridization with DNA probe 
The blot (R:i 1 cm2) was placed in an Eppendorf tube containing 200 III pre-
hybridization solution (Appendix C12) (20 ml pre-hybridization solution per 100 cm2 
of membrane surface area) and then pre-hybridized at 50°C in a water bath for 2 hours. 
After heat denaturing the DIG-labelled probe in a boiling water bath for 10 min, the 
probe (l00 ng mrl) was diluted to 25 ng mrl in the pre-hybridization solution. The 
RNA blot was immersed in the hybridization solution containing the DIG-labelled 
probe and hybridized overnight at 50°C. At the end of the hybridization, the 
membrane was washed twice, 15 min per wash, in 2 x wash solution (Appendix C13) 
at room temperature and then washed twice in 0.5 x wash solution (Appendix C14) at 
68°C, 15 min per wash. 
2.5.7.3 Immunological detection 
After hybridization and post-hybridization washes, the blot was equilibrated in 
washing buffer (Appendix C15) for 1 min, incubated in blocking solution (Appendix 
C6) for 1 h, and then in antibody solution (Appendix C7) for 30 min. After this, the 
blot was gently washed twice, 15 min per wash, in washing buffer (Appendix C8), 
equilibrated in detection buffer (Appendix C9) for 2 min, and was incubated in colour 
substrate solution (Appendix ClO) in a covered container in a dark room. The 
formation of a coloured precipitate started within a few min, and completed after 12 
hours. Once the desired spots were detected, the membrane was washed with H20 to 
prevent over-development of the colour in the background. The results were 
documented after scanning using a scanner (Nikon Scantouch). 
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Chapter 3. Results 
3.1. In vitro 1:lower system 
3.1.1. Flowering gradient 
Preliminary tests indicated that it is easy to initiated vegetative shoots (from pre-
existing axillary buds) and flowers from nodal explants obtained near apices. Nodal 
explants were taken sequentially starting from the apices (first to fifth node) to 
investigate the influence of explant source / position on in vitro shoot and flower 
formation. Flowering occurred more on the explants of the first, second and third 
nodal segments than on the others (Figure 3-1). In contrast, a high level of shoot 
formation occurred on the first three nodal segments and was only slightly lower in the 
fourth and fifth ones (Figure 3-1). 
3.1.2. Effect of GA3 
Shoot induction of G. triflora was greatly stimulated as multiple small fine shoots 
grown from the leafaxils of each nodal segment after 5 weeks of culture on the double 
strength WPM medium containing as little as 0.01 mg rl GA3. However, the 
replacement of BA with GA3 at the concentrations tested did not produce flowers. No 
flowering was observed after 12 weeks of culture (Figure 3-2). 
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Figure 3-1 In vitro shoot and flower formation of G. triflora 
In vitro shoot and flower fonnation as influenced by position of shoot nodal segments 
(1st to 5th, starting from the apex) of G. triflora after 5 and 12 weeks of culture, 
respectively. Each value is the means ± SE of the combined data from 3 repeat 
experiments (n =10 nodal segments in each experiment). 
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Figure 3-2 Effect of GA3 on shoot and flower formation 
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Effect of different concentrations of GA3 on shoot and flower fonnation from nodal 
segments of G. triflora cultured on double strength WPM medium containing 2% 
sucrose. Shoot and flower numbers were counted after 5 and 12 weeks of culture, 
respectively. Each value is the means ± SE of the combined data from 3 repeat 
experiments (n =10 nodal segments in each experiment). 
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3.1.3. Effect of pre-incubation in the dark 
Shoot and flower fonnation in nodal explants was very poor in the absence of sucrose 
in the medium at the PPFD of 60 ~mol m-2 sol (Figure 3-3 and Figure 3-4). Addition 
of as little as 1 % of sucrose to the medium greatly improved shoot fonnation (Figure 
3-3). The percentage of shoot-fonning response after 5 weeks in the dark or light 
(pPFD at 60 ~01 m-2 sol) was different. The results revealed that it was easier to fonn 
shoot in the dark than in the light condition. In the dark, more shoots were produced 
but they were long fine etiolated shoots (Figure 3-5) contrasting with those nonnal 
green shoots fonned on the explants in light. When the shoots initiated in the dark 
were transferred to the light condition for another 7 weeks, no flower fonnation was 
observed (Figure 3-4). However, those shoots initiated and cultured in the light 
condition for the entire 12 weeks were capable of fonning flowers, the best response 
(about 70% fonning flowers) being that occurring in the medium containing 3% 
sucrose. 
3.1.4. Interaction between sucrose and light intensity 
The influence of sucrose concentration on shoot fonnation was also evident at 2 other 
PPFDs tested, i.e. 30 and 120 ~mol m-2 sol (Figure 3-6). While 2% sucrose appeared to 
be optimal for shoot fonnation at all 3 PPFDs, the response was only 60% at 120 ~mol 
m-2 S·l compared to 100% at the other 2 PPFDs. 
The sucrose concentration in the medium that brought about optimal flowering 
response varies with the PPFDs in which the cultures were grown (Figure 3-7). The 
best flowering response at low, medium and high PPFD was 50, 70 and 40% 
respectively when the sucrose concentration was 4, 3 and 2% respectively. 
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3.1.5. Interaction between SA and light intensity 
The effect of several cytokinins, namely BA, kinetin, zeatin and 2iP, on flowering of 
G. triflora in vitro was investigated in a preliminary experiment. It appears that all the 
cytokinins tested were capable of triggering in vitro shoot and flower formation to 
different extents but BA gave the best response (data not shown). 
At low or medium PPFD (30 or 60 !lmol m-2 S-l), most of the nodal explants responded 
to 0.2 to 1.0 mg r1 BA in producing 1-3 shoots from the leafaxils after 5 weeks of 
culture (Figure 3-8). By contrast, most BA concentrations tested resulted in 40% or 
less shooting response at the high PPFD (120 !lmol m-2 S-l). 
Upon further culture for another 7 weeks, the cultures kept in the medium light 
intensity performed better than those in the high light intensity as far as flowering 
response is concerned (Figure 3-9). In both light conditions, the largest percent (70 
and 50% respectively) of the cultures formed flowers when the concentration of BA in 
the medium was 0.2 mg rl. In contrast, at the low light intensity, at least 0.5 mg rl BA 
in the medium was required to bring about the maximal response, i.e. 50% of the 
cultures forming flowers (Figure 3-9). Most flowers were normal and complete but 
some were small and malformed with undeveloped stigma. 
3.1.6. Interaction between pH and light intensity 
In general, at the 3 levels ofPPFDs the best shoot-forming response occurred when the 
pH of the medium was 5.7 (Figure 3-10). The influence of pH of the medium on shoot 
formation was similar at the low and medium PPFDs. In contrast, the shoot-forming 
response at the high PPFD was more adversely affected, particularly at pH of the 
medium greater than 5.7. 
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Flower fOlmation was maximal (about 60%) at pH 4.7 and far greater when the in vitro 
shoots were grown in the medium rather than the low or high PPFD (Figure 3-11). ill 
general, at the range of pH values tested, flower formation at both the low and high 
PPFD was rather poor, i.e. often below 25%. 
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Figure 3-3 Effects of light and darkness on shoot formation 
Effects of light (12 weeks at PPFD of 60 f-tmol m-2 S-l) or darkness (5 weeks in dark 
before transfer to the light condition for another 7 weeks) on shoot formation from 
nodal segments of G. triflora shoots cultured on double strength WPM media 
containing different sucrose concentrations and 0.5 mg r1 BA. All data were obtained 
at the end of 5 weeks of culture. Each value is the means ± SE of the combined data 
from 3 experiments (n =10 nodal segments in each experiment). 
Chapter Three Results 73 
dark 
80 
,.-, 
--l:x- light 
'2f-
"-" 
§ 60 
',,0 
cod § 40 
c.S 
~ 20 
0 
..-< 
~ 
0 
o 1 2 3 4 5 
Sucrose concentration (0/0, W/V) 
Figure 3-4 Effects of light and darkness on flower formation 
Effects of light (12 weeks at PPFD of 60 )lmol m-2 S-l) or darkness (5 weeks in dark 
before transfer to the light condition for another 7 weeks) on flower fonnation from 
nodal segments of G. triflora shoots on double strength WPM media containing 
different sucrose concentrations and 0.5 mg rl BA. All data were obtained at the end 
of 12 weeks of culture. Each value is the means ± SE of the combined data from 3 
experiments (n =10 nodal segments in each experiment). 
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Figure 3-5 In vitro shoots grown in dark (left) and normal light condition 
(right) for 5 weeks 
Nodal segments of G. triflora were grown on double strength WPM media containing 
different 3% sucrose and 0.5 mg rl BA in darkness for 5 weeks. These shoots are 
long, thin and colourless with underdeveloped colourless leaflets (left panel) 
comparing to the shoot produced in normal light condition (right panel). 
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Figure 3-6 Effect of PPFD and sucrose concentration on ill vitro shoot 
formation from nodal segments of G. triflora 
75 
The medium was double-strength WPM containing 0.5mg rl BA and the appropriate 
level of sucrose. Shoot numbers were counted after 5 weeks in culture. Each value is 
the means ± SE of the combined data from 3 experiments (n =10 nodal segments in 
each experiment). 
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Figure 3-7 Effect of PPFD and sucrose concentration on in vitro flower 
formation from nodal segments of G. triflora 
76 
The medium was double-strength WPM containing 0.5 mg rl BA and the appropriate 
level of sucrose. Flower numbers were counted after 12 weeks in culture, Each value 
is the means ± SE of the combined data from 3 experiments (n =10 nodal segments in 
each experiment), 
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Figure 3-8 Effect of PPFD and BA concentration on shoot formation from 
nodal segments of G. trijlora 
The medium was double strength WPM containing 3 % sucrose and the appropriate 
level of BA. Shoot numbers were counted after 5 weeks in culture. Each value is the 
means ± SE of the combined data from 3 experiments (n =10 nodal segments in each 
experiment). 
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Figure 3-9 Effect of PPFD and BA concentration on flower formation from 
nodal segments of G. trijlora 
The medium was double strength WPM containing 3 % sucrose and the appropriate 
levelofBA. Flower numbers were counted after 12 weeks in culture. Each value is 
the means ± SE of the combined data from 3 experiments (n =10 nodal segments in 
each experiment). 
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Figure 3-10 Effect ofPPFD and pH on shoot formation from nodal segments of 
G. triflora shoots 
The double strength of WPM containing 0.5 mg rl BA and 3% (w/v) sucrose was 
adjusted to the different pH values. Shoot numbers were counted after 5 weeks in 
culture. Each value is the means ± SE of the combined data from 3 experiments (n 
=10 nodal segments in each experiment). 
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Figure 3-11 Effect of PPFD and pH on flower formation from nodal segments of 
G. triflora shoots 
The double strength of WPM medium containing 0.5 mg 1-1 BA and 3% (w/v) sucrose 
was adjusted to the different pH values. Flower numbers were counted after 12 weeks 
in culture, Each value is the means ± SE of the combined data from 3 experiments (n 
=10 nodal segments in each experiment). 
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3.1.7. Comparison of in vitro and in vivo flowers 
In vitro flowers were produced from cultured nodal segments of G. triflora in 250-ml 
polycarbonate culture vessels containing double-strength WPM medium with 3% 
sucrose (w/v), 0.2 mg rl BA and pH 4.7 under PPFD at 60 Jlmol m-2 S-1 (Figure 3-12). 
3.1. 7.1 Morphological similarities 
The in vitro flowers were compared, at anthesis stage, with those produced by plants 
grown by a local cut-flower gentian grower (herein referred to as "in vivo" flowers) in 
terms of flower size, shape and colour (Figure 3-13 and Table 3-1). The flowers 
formed under in vitro and in vivo conditions were bell-shaped with semi-opened 
corolla which is typical of Gentianaceae family (Kohlein, 1991). The corolla appeared 
light blue in in vitro flowers a:rid deep blue in in vivo ones. Another notable difference 
is that the corolla length of in vitro flowers was smaller than that of in vivo ones. Most 
in vitro flowers had the sa:me number of easily recognizable reproductive parts (i.e. the 
stigma and 5 anthers) although they were smaller than those of the in vivo flowers 
were. About 40% of both types of flowers had stigma that was not fully developed, 
i.e. it was not split open and resembled a pointed needle. Only the flowers with fully 
developed or split open stigma could receive pollen grains on the surface of the lip-like 
structure. 
3.1.7.2 SEM examination of pollen grain 
The pollen grains from in vitro and in vivo flowers appeared to be very similar in size 
as observed using the SEM (Figures 3-14 to 3-19; also see Table 3-1). 
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Figure 3-12 In vitro flowers of G. triflora 
In vitro flowers were produced in 2S0-ml polycarbonate culture vessels containing 
double-strength WPM medium with 3% sucrose (w/v), 0.2 mg rl BA and pH 4.7 under 
PPFD at 60 )...lmo! m-2 S-I . 
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Figure 3-13 Comparison of in vitro and in vivo flower of Gentiana triflora Pall. 
var. axillariflora Akita Blue 
A comparison of the in vitro and in vivo flowers (right and left panels, respectively). 
The flowers formed under in vitro or in vivo conditions were bell-shaped that are 
typical of Gentianaceae family. The corolla appeared light blue in in vitro and deep 
blue in in vivo flowers . 
Table 3-1 Comparison of in vitro and in vivo floral organs of Gentiana triflora Pall. var. axillarflora1 
Fully Pollen Length of 
Flower Flower Flower Corolla Anther developed Pollen Pollen germination Seed length seed-like 
source shape colour length2 (mm) number stigma2 (%) length (.urn) viability (%) (%) structure (mm) 
In vitro Bell-shaped Light blue 28.8 ± 0.62a 4.6 ± 0.08a 54±2.98a 39.7 ± 0.65a 90 ±2.25a 10.7 ± 3.42a 1.4 ± 0.03a 
In vivo Bell-shaped Deep blue 39.8 ± 0.55b 5.0 ± 0.03b 60 ± 1.88a 40.8 ± 0.68a 94 ± 1.27a 33.7 ± 2.65b 2.4 ± 0.04 1.7 ± O.04b 
1 Values are means of 50 replicates ± SE except those of pollen viability and pollen germination in which 3 replicates were used. Data marked by same letter in a 
column are not significantly different (Tukey's Test, P < 0.05). 
2 At anthesis 
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Figure 3-14 Pollen grains from in vitro flower of G. triflora 
In vitro pollen grains of G. triflora were observed through SEM at a low amplification. 
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Figure 3-15 Pollen grains from in vivo flower of G. triflora 
In vivo pollen grains of G. triflora were observed through SEM at a low amplification. 
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Figure 3~16 A close~up SEM examination of a pollen grain from ill vitro 
G. triflora flower 
87 
An in vitro pollen grain of G. triflora was observed through SEM. This shows the 
horizontal feature of the pollen gain. 
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Figure 3-17 Top view of pollen grain from in vitro G. triflora flower observed 
through SEM 
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Figure 3-18 A close-up SEM examination of a pollen grain from in vivo 
G. triflora flower 
89 
An in vivo pollen grain of G. triflora was observed through SEM. This shows the 
horizontal feature of the pollen gain. 
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Figure 3-19 Top view of pollen grains from in vivo flower of 
G. triflora observed through SEM 
90 
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3.1.7.3 Viability test of the pollen grains 
Anthers were removed from both in vitro and in vivo flowers to obtain pollen for 
viability tests. Over 90% the pollen grains from both sources were viable as revealed 
by smearing and differential staining using Alexander's procedure (Alexander, 1969) 
(Figures 3-20 and 3-21; also see Table 3-1). 
3.1.7.4 Germination test of the pollen grains 
Pollen grains of in vivo flowers began to germinate in 1 hour and those of in vitro 
flowers after 5 hours. At the last observation (i.e. after 7 hours) from the start of the 
germination test, 10.7% and 33.7% of pollen from in vitro and in vivo flowers 
germinated, respectively (Figures 3-22 and 3-23; also see Table 3-1). 
3.1.7.5 Pollination test 
Gentian seeds are extremely small with 14,000 dry seeds per gram in the cultivar Akita 
Blue. Four weeks after hand pollination, no seed was formed at the end of in vitro 
flowering and few (3%) were obtained from those plants in the gentian farm (Table 3-
1), which was 10-fold higher than the seed production without aided pollination 
(0.3%). Seed-like structures that were likely to be those unfertilized ovules of G. 
triflora from both in vitro and in vivo flowers were observed using scanning electron 
microscope (Figure 3-24). These structures were smaller than the few seeds obtained 
(Table 3-1) and light brown in colour. 
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Figure 3-20 Viability of in vitro pollen grains of G. triflora 
Pollen viability was examined using the Alexander's procedure (Alexander, 1969). 
Those pollen grains stained (red) were viable. 
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Figure 3-21 Viability of in vivo pollen grains of G. triflora 
Pollen viability was examined using the Alexander's procedure (Alexander, 1969). 
Those pollen grains stained (red) were viable. 
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Figure 3-22 Germination of a pollen grain from in vitro flower of G. trijlora 
Observations of in vitro pollen gennination of G. triflora were made using SEM. 
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Figure 3-23 Germination of a pollen grain of ill vivo flower of G. trijlora 
Observations of in vivo pollen gennination of G. triflora were made using SEM. 
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Figure 3-24 Seed and seed-like structure of G. triflora 
SEM observations were made to compare the seed (top panel) obtained from in vivo 
flowers with the much smaller seed-like structure (bottom panel) of in vitro flower of 
G. triflora. These structures were very fine and light brown in colour. 
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3.2. Post .. harvest life of cut gentian flowers 
3.2.1. Effect of sucrose pulsing for 24 h 
The effect of pUlsing cut G. triflora flower stems for 24 h with different concentrations 
of sucrose on the vase life of the flowers that were already open at the time of the 
pulsing treatments was investigated. The 3% (w/v) sucrose treatment was most 
effective in prolonging the vase life of the open flowers (Figure 3-25) among the 
treatments. Fresh weight of the petals was not affected by pulsing with low sucrose 
concentration at 1 % (w/v) but it increased with the increased sucrose concentrations up 
to 5% (w/v) (Figure 3-26). 
The white buds inthe 3% sucrose (S + HQS) treatment became blue faster than the 
control and the blue buds opened two days earlier than those in the control (HQS 
alone) (Table 3-2). Moreover, the vase life of the open flowers in the S + HQS 
treatment was improved by 4 days compared with the control. 
3.2.2. Effect of STS pulsing for 24 h 
The effect of pUlsing cut G. triflora flower stems for 24 h with different concentrations 
of STS on the vase life of the flowers that were already open at the time of the pulsing 
treatments was also investigated. The 0.5 mM STS treatment was most effective in 
prolonging the vase life of the open flowers (Figure 3-27) among the treatments. 
White buds in the cut stems pulsed with 0.5 mM STS (STS + HQS) became blue faster 
than the other two treatments (Table 3-2). A comparison of S + HQS with STS + HQS 
revealed that overall STS at the concentration of 0.5 mM was much more effective in 
improving all 3 developmental aspects studied as shown in Table 3-2. Fresh weight of 
the petals increased with the increased STS concentrations used for pulsing (Figure 3-
28). 
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Figure 3-25 Vase life of open flowers of cut gentian stems pulsed with sucrose 
After 24 hours of pUlsing with different concentrations of sucrose, the stems were 
transferred to de-ionized water for vase life assessment in a growth room at 22°C, with 
70% relative humidity, and at PPFD of 60 .umo1 . m-2 • S-l irradiance using cool white 
fluorescent tubes for 16 hours daily. The mean number of days ± standard errors for 
the open flowers to start wilting (i.e. vase life) in a treatment was detennined. The 
experiments were repeated twice, each with 5 replicates per treatment. Statistical 
analysis (ANOVA) showed a significant difference among the treatments (p< 0.05). 
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Figure 3-26 Fresh weights of open in vitro gentian flowers after pulsing for 24 h 
with different concentrations of sucrose 
The flowers were pulsed with sucrose at different concentration from 1 to 10% (w/v) 
for 24 hours at room temperature. Petals from each treatment were freshly weighed 
individually. The experiments were repeated 3 times, each with 5 replicates per 
treatment. 
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Table 3-2 Effect of sucrose and STS pulsing treatments on the development of 
white and blue buds, and vase life of open gentian flowers 
Developmental Treatments Colour Buds Start of petal 
stages changes+ open++ wHting+++ 
HQSI 5 ± O.2b 5 ± O.2b 8 ± O.9a 
White Buds S+HQS" 4± O.2b 3 ± O.2a 12 ± O.6b 
STS+HQSj· 1 ± 1.7a 4± O.Oab 24 ± 9.8c 
HQSI 
-
4± O.2b 8 ± O.8a 
Blue Buds S+HQS" - 3 ± O.2b 12 ± O.9b 
STS+HQSJ 
-
1 ± O.6a 24±4.9c 
HQSI 
- -
6 ± O.Sa 
Open Flowers S+HQS2 - - 14 ± 1.2b 
STS+HQSJ 
- -
16 ± 6.4b 
Values are mean days ± SE to display the developmental stages indicated. The experiments were 
repeated 3 times, each with 5 replicates per treatment. Data marked by the same letter in a column are 
not significantly different (Tukey's multiple comparison test, p< 0.05). 
I, 8-hydroxyquinoline sulfate (200mgr1) 
2. Sucrose at 87.6mM with 8-hydroxyquinoHne sulfate (200mgrl) 
3. STS at O.5mM plus 8-hydroxyquinoline sulfate (200mgrl) 
+, White buds to become blue buds 
++. Blue buds to become open flowers 
+++. Open flowers start to lose turgor 
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Figure 3-27 Vase life of open flowers of cut gentian stems pulsed with STS 
After 24 hours of pUlsing with different concentrations STS, the stems were transferred 
to de-ionized water for vase life assessment in a growth room at 22°C, with 70% 
relative humidity, and at PPFD of 60 ,umol m-2 S-1 irradiance using cool white 
fluorescent tubes for 16 hours daily. The mean number of days ± standard errors for 
the open flowers to start wilting (i.e. vase life) in a treatment was determined. The 
experiments were repeated twice, each with 5 replicates per treatment. Statistical 
analysis (ANOV A) showed a significant difference among the treatments (p< 0.05). 
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Figure 3-28 Fresh weight of ill vitro gentian flowers after pulsing for 24 h with 
different concentrations of STS 
The flowers that were open were pulsed with different concentrations of STS for 24 
hours at room temperature. Petals from each treatment were weighed immediately 
after pUlsing. The experiments were repeated 3 times, each with 5 replicates per 
treatment. 
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3.2.3. Changes in fresh weight of gentian flower after 
various treatments 
Fresh weight of petals and reproductive parts of gentian flowers were increased 
obviously after pulsing with 3% sucrose or 0.5 mM STS at blue bud and open flower 
stages comparing with those untreated flowers and the controls (compare Table 3-3, 
Table 3-4 and Table 3-5). In the wilted flowers, the fresh weight of the petals 
remained unchanged but increased in reproductive parts after pulsing with 3% sucrose 
or 0.5 mM STS (Table 3-6). A notable phenomenon was that the fresh weight did not 
seem to change in the sepals in all cases tested regardless of either the stages of the 
flowers or the pulsing with 3% sucrose or 0.5 mM STS (Tables 3-3 to 3-6). 
3.2.4. Effect of osmotically equivalent carbohydrate 
solutions for pulsing 
The vase life of open gentian flowers was about 15 days following pulsing the cut 
stems with sucrose, fructose and glucose solutions that were osmotically equivalent to 
3% sucrose (Figure 3-29). In contrast, the vase life of those in the control and the 
sorbitol pUlsing treatments was much shorter. 
3.2.5. Changes in soluble sugar content following 24-h 
pulsing with carbohydrates and STS 
Soluble sugar concentrations in petals of open G. triflora flowers were affected by the 
pulsing treatments. During the 24-h pulsing treatment with fructose, glucose, sucrose 
and STS, the soluble sugar contents in the petals increased to a similarly higher level 
than that before pulsing (Table 3-7). In contrast, there was no increase in soluble sugar 
contents of the petals in the water control and the pulsing treatment with sorbitol. 
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Statistical analysis (ANOVA) established a highly significant difference in total 
soluble sugar content among the treatments (p < 0.00 I). The high level of soluble 
sugar contents in the fructose-, glucose- and sucrose-pulsed petals were maintained for 
up to day 8, while that in the STS-pulsed petals was maintained up to day 12. The low 
level of soluble sugar in control and sorbitol-pulsed petals appeared to diminish further 
immediately after pulsing treatments (Table 3-7). 
3.2.6. Changes in starch content following 24-h pulsing with 
carbohydrates and STS 
One day after the pulsing treatments with the carbohydrates or water the petals seem to 
have higher levels of starch than those treated with STS (Figure 3-30). After this, the 
general patterns of changes in starch level among the pulsing treatments with sorbitol, 
fructose, sucrose, water and STS are similar. In these treatments, starch level in the 
petals appeared to rise from day 2 before it began to drop at day 6 except in the STS 
treatment that displayed a drop from day 2. The petals pulsed with glucose initially 
appeared to have a high level of starch which was then lowered continuously from day 
1 till the end of the experiment. From day 2 to day 4, the sorbitol-pulsed petals 
appeared to have more starch than that in the other treatments. 
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Table 3-3 Fresh weight of untreated flower parts of G. triflora at different 
developmental stages 
Flower parts 
Petals 
Sepals 
Reproductive parts 
Stages 
Blue bud 
Open flower 
Wilted flower 
Blue bud 
Open flower 
Wilted flower 
Blue bud 
Open flower 
Wilted flower 
Fresh weight (g) 
0.12 ± O.Olc 
0.25 ± 0.02a 
0.16 ± 0.02b 
0.04 ± O.Ola 
0.04 ± O.Ola 
0.04± O.OOa 
0.13 ± 0.03a 
0.16 ± O.Ola 
0.13 ± 0.02a 
Values are means of3 replicates ± SE. Data marked by the same letter in a column are not significantly 
different (p < 0.05) according to the Tukey's test. 
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Table 3-4 Fresh weight of flower parts of G. triflora at blue bud stage after 
24 h pulsing by sucrose or STS 
Flower parts 
Petals 
Sepals 
Reproductive parts 
Treatments 
Control 
Sucrose (3%) 
STS (0.5mM) 
Control 
Sucrose (3 %) 
STS (0.5mM) 
Control 
Sucrose (3%) 
STS (0.5mM) 
Fresh weight (g) 
0.10 ± O.Olb 
0.23 ± 0.02a 
0.23 ± 0.02a 
0.04 ± O.Ola 
0.05 ± O.Ola 
0.05 ± O.OOa 
0.11 ± O.Olb 
0.21 ± 0.03a 
0.20 ± 0.02a 
Values are means of 3 replicates SE. Data marked by the same letter in a column are not significantly 
different (p < 0.05) according to the Tukey's test. 
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Table Fresh weight of Dower parts of G. trijlora at open stage after 24 h 
pulsing by sucrose or STS 
Flower parts 
Petals 
Sepals 
Reproductive parts 
Treatments 
Control 
Sucrose (3%) 
STS (0.5mM) 
Control 
Sucrose (3%) 
STS (O.5mM) 
Control 
Sucrose (3%) 
STS (0.5mM) 
Fresh weight (g) 
0.12 ± 0.02b 
0.33 ± 0.02a 
0.32 ± 0.02a 
0.04 ± O.Olb 
0.06 ± O.Ola 
0.06 ± O.OOa 
0.13 ± O.Olb 
0.24 ± 0.03a 
0.22 ± 0.02a 
Values are means of 3 replicates ± SE. Data marked by the same letter in a column are not significantly 
different (p < 0.05) according to the Tukey's test. 
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Table 3-6 Fresh weight of flower parts of G. triflora at the stage when flower 
wilted after 24 h pulsing by sucrose or STS 
Flower parts 
Petals 
Sepals 
Reproductive parts 
Treatments 
Control 
Sucrose (3%) 
STS (O.SmM) 
Control 
Sucrose (3%) 
STS (O.SmM) 
Control 
Sucrose (3 %) 
STS (O.SmM) 
Fresh weight (g) 
0.11 ± 0.02a 
0.12 ± 0.02a 
0.13 ± 0.02a 
0.04 ± O.OOa 
0.04 ± O.Ola 
O.OS ± O.OOa 
0.12 ± O.Olb 
0.19 ± 0.03a 
0.18 ± 0.02a 
Values are means of 3 replicates ± SE. Data marked by the same letter in a column are not significantly 
different (p < 0.05) according to the Tukey's test. 
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Figure 3-29 Vase life of open flowers of cut gentian stems pulsed with different 
carbohydrate solutions containing HQS 
After 24 hours of pulsing with HQS alone (control) or various carbohydrates at the 
concentration that is osmotically equivalent to 3% sucrose, i.e. 87.6mM of glucose, 
fructose or sorbitol, the stems were transferred to de-ionized water for vase life 
assessment in a growth room at 22°C, with 70% relative humidity, and at PPFD of 60 
J.41101 m-2 S·l irradiance using cool white fluorescent tubes for 16 hours daily. The 
mean number of days ± standard errors for the open flowers to start wilting (i.e. end of 
vase life) in a treatment was determined. The experiments were repeated twice, each 
with 5 replicates per treatment. Statistical analysis (ANOV A) showed a highly 
significant difference among the treatments (p< 0.01). 
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Table 3-7 Effect of 24-h pulsing with carbohydrates (87.6mM) and STS 
(0.5mM) on total soluble sugar content (mg/gFW) in petals of gentian flowers 
Days STS Sucrose Fructose Glucose Control Sorbitol 
01* 2.5 ± O.lOa 2.4 ± 0.12a 2.5 ± 0.06a 2.4 ± O.l2a 2.6 ± 0.2la 2.5 ± 0.06a 
02** 3.9 ± 0.26a 3.6 ±0.10ab 3.6±0.27ab 3.5 ± 0.06ab 2.3 ± O.3Sb 2.2 ± 0.32b 
2 3.9 ± 0.20a 3.6 ± O.lOab 3.6 ± 0.12ab 3.6 ±0.06ab 1.6 ±0.20b 1.5 ± O.l2b 
4 3.8 ± O.lOa 3.6 ± 0.06a 3.8 ± 0.2Sa 3.6 ± O.lOa 1.6 ± O.lOb 1.2 ± 0.16c 
6 3.8 ± 0.17a 3.6±0.17a 3.6 ± 0.06a 3.8 ± 0.25a 1.0 ± 0.12b 1.2 ± 0.17b 
8 3.8 ± O.lOa 3.6 ± 0.20a 3.6 ± 0.23a 3.7 ± O.lOa 1.0 ± 0.06b n.d. 
10 3.8 ± 0.27a 2.5 ± 0.06b 2.6 ±O.lOb 2.7±0.12b n.d. n.d. 
12 3.9 ± 0.27a 2.4 ± O.l7b 2.S ±0.09b 2.2 ± O.l7b n.d. n.d. 
14 2.8 ± 0.36a 1.0 ± O.lSb 1.2 ± O.lOb 1.0 ± 0.17h n.d. n.d. 
Values are means ± SE of 3 experiments, each with S replicates per treatment. Data marked by the same 
letter in a row are not significantly different (p < O.OS) by Tukey's multiple comparison test. 
* The day prior to pulsing 
** The day immediately after 24-h pulsing 
n.d. Not determined as flowers wilted 
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Figure 3-30 Effect of 24-h pulsing treatments with carbohydrates or STS on 
starch content in the petals of gentian flowers 
The flowers were pulsed with different carbohydrates at the concentration of 87.6 
roM or STS at 0.5roM for 24 hours at room temperature. Flowers were transferred to 
de-ionized water and kept in a growth room with 70% relative humidity, PPFD of 60 
,umol . m-2 • S-1 irradiance using cool white fluorescence tubes at 22°C for 16 hours 
daily. Changes in average starch content ± SE in the petals after various pulsing 
treatments were determined on the days indicated. The experiments were repeated 3 
times, each with 5 replicates per treatment. 
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3.2.7. Changes in ethylene production after the pulsing 
treatments 
hnmediately following the pulsing treatments, ethylene production from gentian petals 
was significantly different among the treatments (Table 3-9). The petals from flower 
stems pulsed with water evolved substantially more ethylene than those pulsed with 
sucrose or STS. Furthermore, STS pulsing led to the lowest level of ethylene 
production. By day 4 after the pulsing treatments, the petals of the water control 
evolved substantially less ethylene than before, which was still at a level higher than 
the other two pUlsing treatments. At day 6, there was a dramatic rise in ethylene 
production by petals of the control before dropping to a much lower level at day 8. In 
the sucrose and STS treatments, the same pattern of changes in ethylene production 
between days 4-8 was also evident except that the rise in ethylene production at day 6 
was significantly less than in the coritrol. After day 6, ethylene production in all 3 
treatments was very low or below detectable level with Gc. 
3.2.8. Autocatalytic ethylene production 
Ethylene production by petals was measured following removal from the ethylene 
atmosphere. Treatment of flowers with 20 j.11 rl ethylene for 24 h resulted in shortened 
petal longevity and induction of autocatalytic ethylene production (Table 3-10). 
3.2.9. 14C Sucrose studies 
The use of 14e sucrose in the pulsing solution indicated that after 24 h of pulsing there 
were 3 times more radioactivity in the 80% ethanol-soluble fraction (presumably 
soluble sugar) than in the perchloric acid extract of the ethanol-extract of insoluble 
fraction (i.e. starch) (Table 3-12). 
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Table 3-9 The ethylene production rates (nl/gfw/h) of gentian flowers after 
pulsing for 24 h with water, sucrose (87.6mM) or STS (O.5mM) 
Days* o 2 
28.0 ± 2.0a 
Sucrose 5.1 ± 1.0b 
STS 3.9 ± 0.7b 
4 
4.0 ± 0.8a 
0.8 ± O.5b 
0.7 ± 0.2b 
6 
31.0 ± 2.0a 
13.1 ± 1.2b 
9.0 ± 2.7b 
8 
2.0 ± 0.5a 
0.2 ± O.lb 
0.5 ±0.3b 
10 12 
Values are means ± SE of 2 experiments, each with 5 replicates per treatment. Data marked by the 
same letter in a column are not significantly different (p < 0.05) by Tukey's multiple comparison test 
* Time after the pulsing treatments 
- Below detectable level with GC 
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Table 3-10 Ethylene-induced gentian petal senescence and autocatalytic 
ethylene production 
Treatment Petal Longevity (d) Ethylene Production 
( nl gfw-l h-1) 
Control 6.0± O.2b 1.8 ± O.3c 
Sucrose + C2H4 13.2 ± 1.1a 304 ± OAb 
STS + C2H4 14.6 ± LOa 2.8 ± O.2bc 
H20 + C2H4 304 ± O.2c 11.8 ± O.8a 
Values are means ± SE of 2 experiments, each with 5 replicates per treatment. Data marked by the same 
letter in a column are not significantly different (p < 0.05) by Tukey's multiple comparison test. 
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Table 3-12 Measurement of 14C radioactivity in different 80% (v/v) ethanol 
fractions of petal extracts of gentian flowers 
Fractions of the petal extracts 
ethanol- soluble fraction 
(soluble sugar) 
ethanol- insoluble fraction 
(starch) 
radioactivity (kBq/gFW) 
128.94 ± 31.4 
43.88 ± 7.0 
Values are means ± SEof 2 experiments, each with 4 replicates per treatment. Statistical 
analysis (Student's t-test) established a highly significant difference (p < 0.05) in the amount of 
radioactivity between the 2 fractions. 
Chapter Three Results 116 
3.3. Further Biochemical Studies 
3.3.1. Amylase activity determination without pretreatment 
at 700C 
Extracts prepared from petal, sepal and reproductive parts of gentian flowers at the 3 
developmental stages (Figure 3-32) as described in section 2.4.4. were assayed for 
amylase activity. At both the blue bud and open flower stages (Figures 3-32 and 3-
33), petal had clearly higher amylase activity than sepal and reproductive parts, while 
the amylase activity was very similar in both sepal and reproductive parts. In contrast, 
when the flower wilted, the amylase activity appeared obviously lower in petal 
comparing to the other two parts (Figure 3-34). In general, the enzyme activity in the 
extracts of the different flower parts was linear over an incubation period at 37°C for 
60 min. In addition, the different flower parts appear to have optimal amylase activity 
at pH 6 (Figure 3-35). 
Chapter Three Results 117 
Blue Bud Open Flower Wilted Flower 
Figure 3-31 Appearance of G. triflora flower at 3 developmental stages of 
interests in this study 
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Figure 3-32 Amylase activity measured at blue bud stage of G. triflora 
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50 J.d of crude extracts prepared from petal, sepal and reproductive parts were 
incubated at 37°C for the time indicated for amylase activity determination. One unit 
of enzyme activity (U) is defined as a change in 1 unit of absorbance at 620 nm. Each 
data point is the mean (± SE) of 3 replicate enzyme assay reactions. 
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Figure 3-33 Amylase activity measured at open flower stage of G. trijlora 
50 ~l of crude extracts prepared from petal, sepal and reproductive parts were 
incubated at 37°C for the time indicated for amylase activity detennination. One unit 
of enzyme activity (U) is defined as a change in 1 unit of absorbance at 620 nm. Each 
data point is the mean (± SE) of 3 replicate enzyme assay reactions. 
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Figure 3-34 Amylase activity measured at wilted flower stage of G. triflora 
50 ).11 of crude extracts prepared from petal, sepal and reproductive parts were 
incubated at 37°C for the time indicated for amylase activity determination. One unit 
of enzyme activity (U) is defmed as a change in 1 unit of absorbance at 620 run. Each 
data point is the mean (± SE) of 3 replicate enzyme assay reactions. 
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Figure 3-35 Amylase activity in the extracts of different open G. triflora flower 
parts tested at different pH 
In vitro G. triflora open flower was collected and amylase activity was measured at 
different pH (4 -8) from different parts of the flower. One unit of enzyme activity (U) 
is defined as a change in 1 unit of absorbance at 620 run. Each data value is the mean 
(± SE) of3 replicate enzyme assay reactions. 
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3.3.2. Determination of amylase activity in flower parts in 
response to sucrose or STS pulsing 
Immediately following pulsing for 24 h with water, 3% (w/v) sucrose or 0.5 mM STS, 
extracts of the petal, sepal and reproductive parts of gentian flower stems were assayed 
for amylase activity. The results showed that the amylase activity was generally 
higher in petal than in the other two flower parts. In each floral part, a-amylase 
activity was significantly higher in both the sucrose and STS treatments than in the 
water control. There was no significant difference in a-amylase activity between 
sucrose- and STS-pulsed flowers (Figure 3-36). After 24 hour with the 3 different 
pulsing treatments; amylase activity 'was the highest at day 4 before it began to 
decrease the day after in the 3 parts of gentian flower (Figures 3-37 to 3-39) except the 
reproductive parts in the water control where a-amylase activity gradually increased. 
3.3.3. Determination of hydrolysis products by paper 
chromatography 
Paper chromatographic analysis of the products generated by starch hydrolysis 
revealed glucose and discernible level of higher molecular weight substances (Figure 
3-40). This suggests the presence of a-amylase activity in the different parts of 
G.triflora flower. 
According to Briggs (1967), in the presence of excess Ca2+, a-amylase activity is heat 
stable at 70°C for 5 min whereas that of ~-amylase is denatured under these 
conditions. This was confirmed in this study (Figure 3-41). In the absence of C;+, 
amylase activity in the extracts of different gentian flower parts was lower compared 
to heating at 70°C for 5 min in the presence ofC;+ (compare Figures 3-41 and 3-42). 
Quantitative enzyme activity data were paralleled with these results (Figures 3-43 to 3-
45). 
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Further investigations indicated that the incubation of the extracts of different flower 
parts in the presence of 40 mM EDTA or at low pH (i.e. 3.0) for 15 min at 37°C had 
inhibited starch hydrolysis. ill particular, glucose was not observed after both 
treatments (Figures 3-46 and 3-47). 
3.3.4. Time course of a-amylase activity development 
An aliquot of each the extracts prepared from petal, sepal and reproductive parts was 
heated at 70°C for 5 min to inactivate p-amylase (if any). After 15 min of incubation 
at 37°C amylase activity in both enzyme assay reactions was assayed by the modified 
method of Berfeld (1955) using 0.2% (w/v) soluble potato starch solution in 0.2 M 
acetate buffer (pH 5.2) (Appendix A2) as substrate. With this approach, it is 
confirmed that the amylase present in the extracts belongs to the a-type. The data 
showed that a-amylase activity was very low at the blue bud stage in the three floral 
parts of G. triflora (Figure 3-48). It had increased in all 3 parts when flower opened 
and appeared to increase further in the sepal and the reproductive parts till the flower 
became wilted. By contrast, a-amylase activity declined to a lower level in the petal 
when flower wilted. At the open flower stage, a-amylase activity was the highest in 
petals. 
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Figure 3-36 Amylase activity in different flower parts in response to sucrose or 
STS pulsing 
Amylase activity in extracts of different parts from open gentian flowers was measured 
after 24 hour pulsing of the flower stems with water (control), 3% sucrose or 0.5 roM 
STS. One unit of enzyme activity (U) is defined as a change in 1 unit of absorbance at 
620 nm. Values are means of 3 replicates ± SE. 
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Figure 3-37 Changes in a-amylase activity in the petal of G. triflora flower in 
response to different pulsing treatments 
Amylase activity in extracts of petal from in vitro open gentian flowers was measured 
before (day 0) and after 24 hour pulsing (day 1-12) of the flower stems with water 
(control), 3% sucrose or 0.5 mM STS. One unit of enzyme activity (U) is defined as a 
change in 1 unit of absorbance at 620 nm. Values are means of 3 replicates ± SE. 
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Figure 3-38 Changes in a-amylase activity in the sepal of G. triflora flower in 
response to different pulsing treatments 
Amylase activity in extracts of sepal from in vitro open gentian flowers was measured 
before (day 0) and after 24 hour pulsing (day 1-12) of the flower stems with water 
(control), 3% sucrose or 0.5 mM STS. One unit of enzyme activity (U) is defined as a 
change in 1 unit of absorbance at 620 nm. Values are means of3 replicates ± SE. 
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Figure 3-39 Changes in a.-amylase activity in the reproductive parts of G. 
triflora flower in response to different pulsing treatments 
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Amylase activity in extracts of reproductive parts from in vitro open gentian flowers 
was measured before (day 0) and after 24 hour pulsing (day 1-12) of the flower stems 
with water (control), 3% sucrose or 0.5 mM STS. One unit of enzyme activity (U) is 
defined as a change in 1 unit of absorbance at 620 nm. Values are means of 3 
replicates ± SE. 
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Figure 3-40 Activity pattern of the amylase activity in the extracts of G. triflora 
flower parts on starch 
Extracts from different flower parts (lane # 1 to lane # 9) were incubated with 0.2% 
soluble potato starch solution at 37°C for 15 min. 20 J.!l samples were taken and 
spotted on Whatman No 1 paper. Sugars were resolved in ethyl acetate-pyridine-H20 
(12:4:3). G and M: 5 J.!l of 1 % glucose and 5 J.!l of 1 % maltose standards, respectively; 
1,2 and 3: petals from the flowers pulsed for 24 h with H20, 3% sucrose and 0.5 ruM 
STS, respectively; 4, 5 and 6: sepals from the flowers pulsed for 24 h with H20, 3% 
sucrose and 0.5 mM STS, respectively; 7, 8 and 9: reproductive parts from the flower 
pulsed for 24 h with H20, 3% sucrose and 0.5 ruM STS, respectively; C: 20 J.!l control 
without CE in the reaction. The area pointed by c:::> indicates the presence of high 
molecular weight substances. 
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Figure 3-41 Amylase activity in extracts of different gentian flower parts 
following heat treatment in the presence of Ca2+ 
129 
Extracts from different flower parts (lane #1 to lane # 9) were incubated with 0.2% 
soluble potato starch solution in the presence of 10 mM Ca2+ first at 70°C for 5 min 
and then at 37°C for 15 min. 20 I.d samples were taken and spotted on Whatman No 1 
paper. Sugars were resolved in ethyl acetate-pyridine-H20 (12:4:3). G and M: 5 J-llof 
1 % glucose and 5 J-li of 1 % maltose standards, respectively; I, 2 and 3: petals from the 
flowers pulsed for 24 h with H20, 3% sucrose and 0.5 mM STS, respectively; 4, 5 and 
6: sepals from the flowers pulsed for 24 h with H20, 3% sucrose and 0.5 mM STS, 
respectively; 7, 8 and 9: reproductive parts from the flower pulsed for 24 h with H20, 
3% sucrose and 0.5 mM STS, respectively; C: 20 J-li control without CE in the 
reaction. 
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Figure 3~42 Effect of heat treatment in the absence of Ca2+ on amylase activity 
in extracts of different gentian flower parts 
Extracts from different flower parts (lane #1 to lane # 9) were incubated with 0.2% 
soluble potato starch solution in the absence of 10 mM Ca2+ first at 70°C for 5 min and 
then at 37°C for 15 min. 20!J,l samples were taken and spotted on Whatman No 1 
paper. Sugars were resolved in ethyl acetate-pyridine-H20 (12:4:3). G and M: 5 !J,l of 
1 % glucose and 5 !J,l of 1 % maltose standards, respectively; 1, 2 and 3: petals from the 
flowers pulsed for 24 h with H20, 3% sucrose and 0.5 mM STS, respectively; 4, 5 and 
6: sepals from the flowers pulsed for 24 h with H20, 3% sucrose and 0.5 mM STS, 
respectively; 7, 8 and 9: reproductive parts from the flower pulsed for 24 h with H20, 
3% sucrose and 0.5 mM STS, respectively; C: 20 !J,l control without CE in the 
reaction. 
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Figure 3-43 Effect of heat treatment in the presence or absence of Ca2+ on 
amylase activity in extracts of the petal of open gentian flower 
Extracts of the petal of open gentian flower from the stems pulsed for 24 h with water, 
3% (w/v) sucrose or 0.5 mM STS were incubated with 0.2% soluble potato starch 
solution in the presence or absence of 10 mM Ca2+ first at 70°C for 5 min and then at 
37°C for 15 min. After this, amylase activity was measured immediately. The control 
assay reactions were carried out without heat treatment at 70°C for 5 min prior to 
incubation at 37°C for 15 min. One unit of enzyme activity (U) is defined as a change 
in 1 unit of absorbance at 620 nm. Values are means of 3 replicates ± SE. 
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Figure 3-44 Effect of heat treatment in the presence or absence of Ca2+ on 
amylase activity in extracts of the sepal of open gentian flower 
Extracts of the sepal of open gentian flower from the stems pulsed for 24 h with water, 
3% (w/v) sucrose or 0.5 mM STS were incubated with 0.2% soluble potato starch 
solution in the presence or absence of 10 mM Ca2+ first at 70°C for 5 min and then at 
37°C for 15 min. After this, amylase activity was measured immediately. The control 
assay reactions were carried out without heat treatment at 70°C for 5 min prior to 
incubation at 37°C for 15 min. One unit of enzyme activity (U) is defined as a change 
in 1 unit of absorbance at 620 nm. Values are means of 3 replicates ± SE. 
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Figure 3-45 Effect of heat treatment in the presence or absence of Ca2+ on 
amylase activity in extracts of the reproductive parts of opeu gentian flower 
Extracts of the reproductive parts of open gentian flower from the stems pulsed for 24 
h with water, 3% (w/v) sucrose or 0.5 mM STS were incubated with 0.2% soluble 
potato starch solution in the presence or absence of 10 mM Ca2+ first at 70°C for 5 min 
and then at 37°C for 15 min. After this, amylase activity was measured immediately. 
The control assay reactions were carried out without heat treatment at 70°C for 5 min 
prior to incubation at 37°C for 15 min. One unit of enzyme activity (U) is defined as a 
change in 1 unit of absorbance at 620 nm. Values are means of 3 replicates ± SE. 
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Figure 3-46 Effect of incubation with EDTA on amylase activity in extracts of 
different gentian flower parts 
Extracts from different flower parts (lane #1 to lane # 9) were incubated with 0.2% 
soluble potato starch solution in the presence of 40 mM EDTA at 37°C for 15 min. 20 
)JI samples were taken and spotted on Whatman No I paper. Sugars were resolved in 
ethyl acetate-pyridine-H20 (12:4:3). G and M: 5 III of 1 % glucose and 5 )Jl of 1 % 
maltose standards, respectively; 1, 2 and 3: petals from the flowers pulsed for 24 h 
with H20, 3% sucrose and 0.5 mM STS, respectively; 4, 5 and 6: sepals from the 
flowers pulsed for 24 h with H20, 3% sucrose and 0.5 mM STS, respectively; 7, 8 and 
9: reproductive parts from the flower pulsed for 24 h with H20, 3% sucrose and 0.5 
mM STS, respectively; C: 20 )JI control without CE in the reaction. 
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Figure 3-47 Effect of incubation at pH 3.0 on amylase activity in extracts of 
different gentian flower parts 
Extracts from different flower parts (lane #1 to lane # 9) were incubated with 0.2% 
soluble potato starch solution at pH 3.0 at 37°C for 15 min. 20/-LI samples were taken 
and spotted on Whatman No 1 paper. Sugars were resolved in ethyl acetate-pyridine-
H20 (12:4:3). G and M: 5 /-LI of 1% glucose and 5 /-LI of 1% maltose standards, 
respectively; 1,2 and 3: petals from the flowers pulsed for 24 h with H20, 3% sucrose 
and 0.5 mM STS, respectively; 4, 5 and 6: sepals from the flowers pulsed for 24 h with 
H20, 3% sucrose and 0.5 mM STS, respectively; 7, 8 and 9: reproductive parts from 
the flower pulsed for 24 h with H20, 3% sucrose and 0.5 mM STS, respectively; C: 20 
/-LI control without CE in the reaction. 
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Figure 3-48 Time course of a-amylase activity development in different flower 
parts of G. trijlora 
The extracts prepared from petal, sepal and reproductive parts of gentian flowers were 
first heated at 70°C for 5 min, and then incubated at 37°C for 15 min. Amylase activity 
was assayed from the different parts of gentian flowers at different life stages. One 
unit of enzyme activity (U) is defined as a change in 1 unit of absorbance at 620 nm. 
Values are means of 3 replicates ± SE. 
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3.3.5. Protein Assay 
3.3.5.1 Total protein content in different developmental stages of 
gentian flowers 
Total protein contents of the petal were obviously high at the blue bud stage but 
declined at the later stages (Table 3-11). In contrast, those in the sepal changed little. 
At a given developmental stage (except in the petal of wilted flowers) among the 
different flower parts, reproductive parts had the highest while sepals had the lowest 
protein level (Table 3-11). 
3.3.5.2 Effect of pulsing treatments on total protein contents in 
different floral parts 
In both the petal and reproductive parts of gentian flowers at the blue bud and open 
flower stages which were pulsed with sucrose (3%, w/v) or STS (0.5mM), the protein 
contents were higher than that in the control (H20 pulsed flowers) (Table 3-12 and 
Table 3-13). Pulsing of wilted flowers with sucrose or STS only led to an increase in 
the protein levels of the reproductive parts (Table 3-14). The pulsing treatments had 
no effect on the protein contents of the sepal at the 3 different development stages 
(Tables 3-12 to 3-14). 
3.3.5.3 SDS-PAGE of proteins 
Some differences were observed after SDS-P AGE of proteins from different gentian 
flower parts in response to sucrose or STS pulsing (Figure 3-49). In particular, a low 
molecular weight band with an apparent molecular weight of about 24 Kilo Dalton was 
found in extracts of the petal from flowers pulsed with 3% sucrose or 0.5 mM STS. 
This band was absent from the control petal extract and the other two floral parts in 
response to the various pulsing treatments. 
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Table 3-11 Total protein contents of different parts of G. triflora flowers at 3 
different developmental stages 
Flower parts Developmental Total protein contents (J.lg gFW-1) 
Stages 
Blue Buds 194.67 ± 8.51a 
Petal Open flowers 165.67 ± 9.71b 
Wilted flowers 65.33 ± 9.02c 
Blue Buds 95.33 ± 5.51a 
Sepal Open flowers 92.33 ± 4.51a 
Wilted flowers 91.67 ± 3.51a 
Blue Buds 223.33 ± 6.51a 
Reproductive parts Open flowers 186.67 ± 4.51b 
Wilted flowers 177.00 ± 6.25b 
Values are means of 3 replicates ± SE. Data about a flower part marked by the same letter are not 
significantly different (p < 0.05) according to the Tukey's test. 
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Table 3-12 Total protein contents in different parts of G. trijlora flowers that 
were pulsed for 24 h with water, 3% sucrose or 0.5 mM STS at blue bud stage 
Flower parts Treatments Total protein contents (J..Lg gFW-1) 
H2O 145.0 ± 2.13b 
Petal Sucrose 221.2 ± 3.10a 
STS 220.0 ± 4.23a 
H2O 86.2 ± 3.61a 
Sepal Sucrose 86.7 ± 2.28a 
STS 89.7 ± 3.20a 
H2O 148.8 ± 2.23b 
Reproductive parts Sucrose 234.2 ± 4.1 Oa 
STS 228.2 ± 4.33a 
Proteins were extracted from the different parts immediately after the various pulsing treatments. 
Values are means of 3 replicates ± SE. Data about a flower part marked by the same letter are not 
significantly different (p < 0.05) according to the Tukey's test. 
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Table 3-13 Total protein contents in different parts of G. triflora open flowers 
that were pnlsed for 24 h with water, 3% sncrose or 0.5 mM STS 
Flower parts Treatments Total protein contents (~g gFW-1) 
H2O 137.6 ± 2.21b 
Petal Sucrose 216.2 ± 2.99a 
STS. 224.0 ± 5.78a 
H2O 84.3 ± 3.53a 
Sepal Sucrose 85.7 ± 4.48a 
STS 86.3 ± 4.21a 
H2O 141.8 ± 3.52b 
Reproductive parts Sucrose 214.3 ± 4.80a 
STS 208.9 ± 4.26a 
Proteins were extracted from the different parts immediately after the various pulsing treatments. 
Values are means of 3 replicates ± SE. Data about a flower part marked by the same letter are not 
significantly different (p < 0.05) according to the Tukey's test. 
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Table 3-14 Total protein contents in different parts of wilted G. triflora flowers 
that were pulsed for 24 h with water, 3% sucrose or 0.5 mM STS 
Flower parts Treatments Total protein contents (J.lg gFW-1) 
H2O 55.20 ± 5.02a 
Petal Sucrose 58.28 ± 3.53a 
STS 59.02 ± 5.78a 
H2O 79.02 ± 3.12a 
Sepal Sucrose 80.25 ± 3.28a 
! 
STS 80.60 ± 3.63a ! 
H2O 125.8 ± 2.22h 
Reproductive parts Sucrose 180.6 ± 4.50a 
STS 178.9 ± 4.20a 
Proteins were extracted from the different parts immediately after the various pulsing treatments. 
Values are means of 3 replicates ± SE. Data marked by the same letter in a column are not significantly 
different (p < 0.05) according to the Tukey's test. 
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Figure 3-49 SDS-PAGE of proteins extracted from different parts of G. triflora 
flowers at the open flower stage that were pulsed with water, 3% (w/v) sucrose or 
0.5 mM STS 
Lane 1: the molecular weight standards; lanes 2-4: petal extracts from control (water 
pulsed), sucrose and STS pulsed flowers, respectively; lanes 5-7: sepal extracts from 
control, sucrose and STS pulsed flowers, respectively; lanes 8-10: extracts of 
reproductive parts from control, sucrose and STS pulsed flowers, respectively. 10 Jll 
proteins were loaded in each of lanes. 
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3.3.6. The isozymes of a-amylase 
To study if the differences in a-amylase activity following pulsing of different flower 
parts with 3% sucrose or 0.5 mM STS were due to different isozymes, isoelectric 
focusing of the extracts were first attempted before staining for amylase activity with 
12IKL Despite numerous repeated attempts, the resolution obtained was far from being 
satisfactory although it seems that there were many isoenzymes present in the extract 
of different G. triflora flower parts in response to the different pulsing treatments 
(Appendix E). Satisfactory resolution was obtained on a native PAGE gel at pH 8.8 
(Figure 3-50). The extracts of the different flower parts in response to the different 
pulsing treatments all seemed to have the same predominant isoform of amylase 
activity. It also appears that the sepal had lower amylase activity than the other 2 
flower parts. 
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Figure 3-50 Native PAGE showing amylase activity in the extracts of different 
parts of open G. trijlora flowers after 24 h of pulsing with water, 3% (w/v) sucrose 
orO.5mMSTS 
Lanesl-3: extracts of petal from flowers pulsed with water, sucrose and STS, 
respectively; lanes 4-6: extracts of sepal from flowers treated with water, sucrose and 
STS, respectively; lanes 7-9: extracts of reproductive parts from flowers treated by 
water, sucrose and STS, respectively. Arrow indicates the position of amylase activity 
band. 
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3.4. ACC oxidase gene expresion - A preliminary molecular 
biology study 
1. Total RNA isolation 
Total RNAs were isolated from water-, sucrose- and STS-treated flower petals of G. 
triflora using the method described in section 2.5.2.1 (Figure 3-51). 
3.4.2. Quantification of the isolated total RNA 
Quantification of the total RNA was performed using a spectrophotometer (LKB 
Biochrom Ultrospec® Plus 4054 UVNisible Spectrophotometer). The results 
indicated that the total RNAs extracted from the petal of G. triflora flowers after water, 
sucrose or STS pulsing had A260128o ratios of 1.604, 1.416 and 1.473, respectively. 
3.4.3. Optimization of RT-PCR 
The protocol for running the RT -PCR was optimized with different concentrations of 
template RNA extracted from the petal of open gentian flower using a pair of primers 
to amplify the likely conserved region (rv 800 bp) of ACC oxidase genes from plants. 
The template RNA concentrations tested ranged from 0.4 to 1.2 J,tg J,trl. The results 
showed, from 0.7 % agarose gel electrophoresis (Figure 3-52), that when the higher 
concentration of the template RNA was used, the sharper the band was resulted. The 
addition of 1.2 J,tg template RNA gave the best result with a clear band of higher 
molecular weight (931 bp) in addition to the lower molecular weight band which was 
also present in the RT-PCR reaction mixture without template RNA added (Figure 
3-52). 
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Figure 3-51 RNA isolated from the petal of open G. triflora in vitro flower 
The mixture in the Eppendorf tube was separated into a lower red, phenol-chloroform 
phase, a white organic middle-phase, and a purple upper aqueous phase. RNA 
remained exclusively in the aqueous phase. 
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Figure 3-52 Optimization of RT -peR with regard to different concentrations of 
template RNA extracted from the petal of open G. triflora in vitro flower 
After RT-PCR, 10 J..lI the reaction mixture was separated using 0.7% (w/v) agarose gel 
electrophoresis. Lanes are as follows: 1. DNA molecular weight standards; 2. Control 
(without RNA template); 3. Template RNA concentration at 0.4 Jlg J..lrl; 4. Template 
RNA concentration at 0.8Jlg Jlrl; 5. Templates RNA concentration at 1.2 Jlg J..lrl. 
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Few RT -PCR protocols were tried with RNA templates from gentian before the 
initiation of our experiments. Optimisation of the RT-PCR was therefore attempted 
according to the suggestions by Dr Leung (David Leung, personal communication, 
University of Canterbury, Christchurch, New Zealand). Apart from the tests for the 
optimisations described in this experiment, e.g. the concentrations of RNA template 
and RNase inhibitor, some other factors were also thought to be critical for running a 
RT -PCR. These include suitable primers being designed and the annealing 
temperature in the RT-PCR reaction. Primers for the ACC oxidase (ACO) fragments 
were carefully designed and the temperature of elongation calculated according to the 
content of CG in the primer. The sequences of primers are A01: 5'-
GATGCTTGTGAGAACTGGGG-3' and A02: 5'-GCTTCAAATCTTGGCTCCTT-
3'. The elongation temperature (t) was then calculated according the contents of the 
primers as in the following equation: 
t = 4 (G+C) + 2 (A+T) 
(Dr. Leung, University of Canterbury, New Zealand, personal communication) 
therefore, 
tAOl = 4 (9+2) + 2 (4+5) = 62°C 
tA02 = 4 (3+6) + 2 (3+8) = 58°C 
t (62 + 58) / 2 = 60°C 
This temperature was used for annealing of the RT-PCR instead of 50°C which was 
used in other suggestions. This temperature greatly improved the efficiency of the RT-
PCR and the expected RT-PCR product was easily detectable on 1 % agarose gel even 
when the volume ofthe product analyzed was as low as 5 III (data not shown). 
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3.4.4. Recovery of DNA from low temperature melting (L TM) 
agarose 
After RT-PCR using RNA extracted from the petal of open G. triflora in vitro flower 
as template, the reaction mixture was electrophoresed on a 1 % (w/v) LTM agarose gel 
to recover the 931 bp product. As shown on 1 % LTM agarose gel (Figure 3-53), the 
recovered DNA appeared as a very faint band and the concentration was about 0.105 
).tg ).trI. 
To avoid the interference of free DIG-ll-dUTP in the later step of hybridization and 
detection, RT-PCR-synthesized-DNA and later the DIG-labelled DNA were proposed 
to be purified by agarose gels. A couple of DNA recovery techniques were put in 
trials including the "freeze-squeeze" method which did not work. The method of "low 
melting temperature agarose gel" resulted in a very little recovered DNA which could 
not be quantitatively determined required for DNA amplification, DNA labelling and 
RNA hybridization. Therefore, an alternative method had to be generated. 
3.4.5. Amplification of cDNA directly from RT .. PCR products 
After R T -PCR, the reaction mixture was used as a template for direct amplification via 
PCR using Taq DNA polymerase. 1, 5 and 10 ).tg of the RT -PCR product were tested. 
The highest concentration used gave a long smear with a faint band of the expected 
size (Figure 3-54). The lower concentrations gave better results with less smear and 
clearer bands. 
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Figure 3-53 RT-PCR product recovered and separated on 1 % (w/v) LTM 
agarose 
After RT-PCR using RNA extracted from the petal of open G. triflora in vitro flower 
as template, the reaction mixture was electrophoresed on 1 % (w/v) LTM agarose gel to 
recover and separate the 931 bp product. Lane 1: DNA molecular weight standards, 5 
!Jlloaded; lane 2: the 931 bp RT -PCR product, 10 !Jlloaded. 
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Figure 3-54 Amplification of cDNA directly from the recovered RT-PCR 
product 
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After peR amplification, aliquotes of the reaction mixture were electrophoresed on 2% 
(w/v) agarose. Lanes 1: DNA molecular weight standards,S III loaded; lane 2: 10 III 
template; lane 3: 5 III template; lane 4: 1 III template. 
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3.4.6. PCR·DIG labelling of DNA 
DNA was labelled via PCR incorporating the non-radioactive DIG tags. The results of 
using Klenow enzyme or Taq polymerase in the PCR reactions were compared (Figure 
3-55). A much stronger band of interest (the 931 basepairs product) resulted when Taq 
polymerase rather than Klenow enzyme was used. This was confirmed when the 
labelling efficiency of DIG-DNA was estimated after DNA dot blotting (Figure 3-56; 
also see Table F1 and F2 in Appendix F). 
3.4.7. Change of ACe oxidase .. related transcripts in 
response to sucrose or STS pulsing of gentian flowers 
RNA dot blots were prepared by dot blotting 25 ng of total RNA onto nylon membrane 
and hybridization was carried out with the DIG-labelled PCR-generated fragment of 
ACC oxidase gene as the probe. The hybridization signal was stronger in the water 
control than in the other two pulsing treatments, i.e. sucrose- or STS-treated samples 
using the probes generated with both the Taq polymerase and the Klenow enzyme 
(Figure 3-57). 
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Figure 3-55 PCR-assisted digoxigenin (DIG)-labelling of the reaction product 
from a previous RT-PCR using RNA extracted from the petal of open G. triflora 
flower as the template 
After peR, aliquot of the reaction mixtures was analyzed using 1 % agarose gel 
electrophoresis. Lane 1: DNA molecular weight standards, 5 ~lloaded; lane 2: control 
(without DNA template in the reaction), 1 0 ~l loaded; lane 3: reaction with Klenow 
enzyme, 10 ~lloaded; lane 4: reaction with Taq polymerase, 10 ~lloaded. 
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Figure 3-56 Estimating the yidd of DIG-labelled DNA on a dot blot 
The yield of DIG-labelled Dl\iA fr0111 the same experiment as described in Figure 3-55 
was estimated after dot blotting. Rows show the different dilutions of 1: control DNA; 
2: peR product from Klenow en/.yme 1'\.':<1clion; 3: peR product fTom Tag polymerase 
reaction. Concentrations or [)[(J-labelbl control DNA: A. 100 pg f,!rl; B. 10 pg f,!rl; 
c. 1 pg firl; D. 0.1 pg f,!rl and E. (J.()] pg prl; Columlls A-E of rows 2 and 3 show the 
effects of different dilutions, A. 1:10: 8.1:100; C. 1 :1000; 0.1:10000 and E. 1:100000 
of DIG-labelled DNA using K.lcnu\\ ell/YIllC or Taq polymerase, respectively. 
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Figure 3-57 Dot blot analysis of total RNA extracted from petals of open 
G. triflora flowers 
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One III (containing 25 ng) total RNA was dotted onto each spot of the nylon 
membrane. Spots in row, T and K are results from hybridization with DIG-labelled 
DNA via PCR using Taq polymerase and Klenow enzyme, respectively, as the probes 
at the concentrations of 25 ng mr! for the former and 10 ng mr! for the latter. 
Columus I - III are RNA extracted from control (water pulsed flower petals); 3% 
sucrose and 0.5 ruM STS pulsed flower petals, respectively. 
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Chapter 4. Discussion 
4.1. Factors affecting in vitro flowering 
The general body plan of plants is established during embryogenesis. However, much 
of plant development occurs postembryonically, through the reiterative production of 
organ primordia at the shoot apical meristem (SAM). In most species, the SAM 
initially gives rise to vegetative organs such as leaves, but at some point the SAM 
makes the transition to reproductive development and the production of flowers. This 
change in the developmental fate of primordia initiated at the SAM is controlled by 
environmental and endogenous signals (Bernier, 1988; McDaniel et ai., 1992). In 
some species, the timing of flowering is primarily influenced by environmental factors, 
which serve to communicate the time of year and/or growth conditions favourable for 
sexual reproduction and seed maturation. These factors include photoperiod, light 
quality, light quantity, vernalisation, and nutrient and water availability. Other species 
are less sensitive to environmental variables and appear to flower in response to 
internal cues such as plant size or number of vegetative nodes. Flowering can also be 
induced by stresses such as nutrient deficiency, drought, and overcrowding. This 
response enables the plant to produce seeds, which are much more likely to survive the 
stress than is the plant itself (Levy and Dean, 1998). In the present study, the 
induction of flowering in G. triflora shoot was also shown to be controlled by various 
factors, such as carbohydrates, plant growth regulators, pH and light intensity. 
Indeed, the ability of explants to form flowers in vitro depends on numerous factors, 
internal and external, chemical and physical, and virtually all of these factors interact 
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in various complex and unpredictable ways (Tran Thanh Van, 1973; Lang, 1987; 
Jumin and Ahmad, 1999). The classical experiment conducted by Tran Thanh Van 
(1973) showed that in vitro flowering could form from cultures of non-meristematic 
tissues by using thin cell layers of Nicotiana tobaccum floral shoots. Research has 
shown that cultures of other plant tissues such as tendrils, roots, leaf discs, thin 
sections from stem and inflorescence axis, micro-inflorescence and isolated protoplasts 
can also result in flower formation in vitro (Liu and Li, 1989). In the present study, in 
vitro flowering could occur from the nodal explant cultures of G. triflora. The 
flowering rate decreased with increased distance from the apex, indicating the presence 
of a floral gradient in the shoot developed from nodal sections. Poor flowering 
formation in older tissues might be related to the presence of floral inhibitors. 
Conversely more floral promoters might be present in younger tissues. The existence 
of a floral gradient in vitro has been reported with several species and explants sources 
(Scorza, 1982; Compton and Vielleu?" 1992). This apex to base floral gradient may 
also reflect changes in the capacity of cells to enter into a reproductive state in the 
course of ontogeny (Scorza and Janick, 1980 and McDaniel et at., 1989). 
Over the years, physiological studies have led to three models for the control of 
flowering (Bernier, 1988; Thomas and Vince-Prue, 1997): (1) The florigen concept. 
This is based on the transmissibility of substances or signals across grafts between 
reproductive "donor" shoots and vegetative "recipients." It was proposed that florigen, 
a flower-promoting hormone, was produced in leaves under favourable photoperiods 
and transported to the shoot apex in the phloem. (2) The nutrient diversion hypothesis. 
This model proposed that inductive treatments result in an increase in the amount of 
assimilates moving to the apical meristem, which in turn induces flowering. (3) The 
multifactorial control model. This model proposed that a number of promoters and 
inhibitors, including phytohormones and assimilates, are involved in controlling the 
developmental transition. According to this model, flowering can only occur when the 
limiting factors are present at the apex in the appropriate concentrations and at the 
right times. This model attempted to account for the diversity of flowering responses 
by proposing that different factors could be limiting for flowering in different genetic 
background and/or under particular environmental conditions. The view that 
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assimilate is the only important component in directing the transition to flowering is 
superseded by the third model. Thus it is generally believed that, based on 
considerable physiological analyses, certain compounds including plant growth 
regulators and carbohydrates are implicated in controlling flower formation. 
4.1.1. The role of plant growth regulators in controlling 
flowering 
Numerous data showed that the plant growth regulator requirements of plants for in 
vitro flowering are variable. The growth and development of flower buds in some 
monocots (Mohamam and Batra, 1970; Zhong et ai., 1992) and dicots (Rastogi and 
Sawhney, 1987; Narasimhulu and Reddy, 1984) seem to require a cytokinin. Some 
plants require a cytokinin in combination with either an auxin (Peeters et ai., 1994), 
gibberellic acid (Rastogi and Sawhney, 1987) or a combination of GA3 and IAA 
(Tepfer et ai., 1966). 
The role of gibberellins in the transition to flowering has been difficult to establish 
(Levy, 1998). On one hand, there are many examples in which the abundance or 
composition of endogenous gibberellins changes under conditions that induce 
flowering (Pharis and King, 1985). Furthermore, because applying certain gibberellins 
can induce flowering in some species, there has been an emphasis on the study of 
gibberellins in floral initiation and in the search for florigen (Chouard, 1960; Evans, 
1971; Zeevaart, 1983; Thomas and Vince-Prue, 1997). On the other hand, applied 
gibberellins are rarely effective at inducing flowering in short-day plants. Moreover, 
they generally inhibit flowering of woody angiosperms, although they do promote 
flowering of conifers (Pharis and King, 1985). Even with long-day plants, the same 
gibberellin can have a different effect in different species. For example, 2,2-dimethyl 
G~ has potent florigenic activity when applied to Lolium temuientum but has no 
effect on flowering in S. aiba (Bernier et ai., 1993). 
Gibberellic acid (GA3) as a plant hormone effects shoot elongation, seed germination 
and flowering in long-day plants. Some plants, such as cabbages and carrots, form 
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rosettes before flowering. In these plants, flowering can be induced by exposure to 
long days, to cold, or to both. Following the appropriate exposure, the stems elongate 
and flowering occurs. Application of GA3 to such plant causes bolting and flowering 
without appropriate cold or long-day exposure. Foliar application of GA3 in a 
dioecious cucurbit Trichosanthes dioica could increase the number of female flowers 
reSUlting in increased fruit-setting (Basu et al., 1999). Increased GA3 concentration 
(250 to 2000 mg rl) resulted in increased flower number in Syngonium podophyllum 
(Henny et al., 1999). Similar results were also obtained in some in vitro plant cultures. 
GA3 supplemented in the culture medium induced flowering from explants of Pisum 
sativum L (Franklin et at., 2000) and Chenopodium murale L (Mitrovic et at., 2000). 
It is also believed that GA3 supplemented in the culture medium or synthesised in the 
flower itself may be responsible for in vitro seed setting of green pea (Franklin et at., 
2000). One of the ways through which GA3 might affect flower formation and pollen 
development is through the availability of soluble sugars because it induces synthesis 
of amylase which breaks down starch, and provides free sugars for the developing 
organ (Sawhney and Rastogi, 1990). 
However, apart from the induction of multiple long shoots, the application of GA3 in 
the medium had no effect in inducing in vitro flowering of G. triflora on given 
condition in the present study. This might be because GA3 could only affect shoot 
growth of G. triflora. Kostenyuk et at (1999) reported that gibberellic acid markedly 
delayed in vitro flowering in Cymbidium niveo-marginatum even when the flower-
promoting treatment was applied. Gibberellins applied in vivo promote flowering of 
some species and inhibit flowering of others (Evans, 1971). The effects of gibberellins 
are evident in vitro where they generally inhibit floral and vegetative bud initiation in 
some species but could promote flowering of explants in others (Chang and Hsing, 
1980). Lang (1965) hypothesized that gibberellins affect floral development rather 
than induce flowers. This hypothesis was supported by the facts that GA3 inhibits in 
vitro bud formation but induces "bolting" when applied directly to flower buds in vitro 
(Wardell and Skoog, 1969; Scorza, 1979). 
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Gibberellins are not the only class of phytohonnones that has been implicated in 
affecting flower fonnation. It has been postulated that the flowering stimulus which 
may consist of cytokinin to trigger the initial mitotic event that precedes flowering 
(Bernier et al., 1977; Havelange et al., 1986), plus at least one other factor. For 
example, there is evidence from studies on S. alba that long-distance signalling by 
cytokinins might paly a role in flowering in response to inductive photoperiods 
(Bernier et ai., 1993). Inductive photoperiods cause the rapid and transient export of 
sucrose from the leaves to both the shoot and root meristems. In the root, this is 
followed by the export of cytokinin, primarily zeatin riboside, to the shoot and leaves, 
presumably via the xylem. Subsequently, another cytokinin, isopentenyladenine 
riboside, moves out of the leaves, and some of which makes its way to the shoot apex, 
where its levels increase within 16 hours of induction (Bernier et al., 1993). 
The data in the present study supports the theory of a multiple-factorial control of 
flowering (Evans, 1969; Bernier et al., 1993). The results showed that in vitro flower 
and shoot fonnation in G. triflora differ in the requirement for light intensities at 
similar BA concentrations. Shoot production was evidently good at the low PPFD (30 
mol m-2 S-I) over a range of BA concentrations (0.2 - 1.0 mg rl). Prolific flowering 
occurred the best at PPFD of60 mol m-2 s-l when supplied with BA at 0.2 mg rl. 
In addition to giberellins and cytokinins, other phytohonnones, such as polyamines, 
auxins, abscisic acid (ABA) and ethylene, may be involved in flowering under certain 
circumstances and in some species (Maritinez-Zapater et al., 1994). In Arabidopsis, 
the ethylene-insensitive mutant ein2 is slightly delayed in flowering, and ABA-
deficient mutants flower somewhat early under noninductive photoperiods (Maritinez-
Zapater et at., 1994), suggesting a role for ethylene and ABA in floral promotion and 
repression, respectively. Polyamines play various roles in plant development 
including flower fonnation (Evans and Malmberg, 1989). Dramatic results have been 
reported with the floral thin-layer (FTL) system in tobacco (Tran Thanh Van, 1973). 
Kaur-Sawhney et al. (1988) showed that spennidine levels increased in tobacco FTL 
explants cultured on medium for flower bud induction and the addition of spennidine 
into medium for vegetative bud induction caused the appearance of a number of floral 
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buds on the explants. Supporting evidence for a role of polyamines in the control of 
the floral transition has also come from the use of inhibitors of spermidine and 
spermine synthesis. For example, inhibition of polyamine synthesis by various 
inhibitors deceased or delayed flowering in Speirodela punctata, tobacco and 
chrysanthemum (Bendeck de Cantu and Kandeler, 1989; Burtin et al., 1991; Aribaud 
and Maritn-Tanguy, 1994). Bais et al. (2000) found that the morphogenetic response 
and the endogenous conjugated pool of polyamines were diminished in polyamine 
inhibitors (DFMA and DFMO) treatments, but could be restored by addition of 
putrescine and AgN03 on shoot multiplication and in vitro flowering of Cichorium 
intybus L. cv. Lucknow local. These findings suggest that polyamines may be causally 
related to flowering, and that conjugated polyamines may constitute potential markers 
for floral initiation (Daoudi and Bonnet, 1998). Unfortunately, the present study did 
not test if these phytohormones could effect floral formation of G. triflora due to the 
limited time and funds. However, it could be an interesting aspect to be investigated 
for in vitro flowering of gentians in future. 
4.1.2. The role of sugars in flower formation 
In addition to plant growth regulators such as gibberellins and cytokinins, sugars could 
also play an important role in regulation of flower formation. 
As shown in the present work, the shoot from G. triflora nodal explants flowered in 
the medium containing sucrose under light condition. Furthermore, the results 
indicated that there was an intereaction between sucrose concentration and light 
intensity. This has also been demonstrated recently, for example, in orange jessamine 
(Jumin and Nito, 1996) and Alstroemeria (Kristiansen et al., 1999). 
In the present study, prolific flowering occurred the best at 60 mol m,2 S,l PPFD and 
3% (w/v) sucrose. At this sucrose concentration, the high PPFD (120 mol m,2 S,l) 
inhibited flower and shoot fOlmation while the low PPFD (30 mol m,2 S,l) was not 
enough to stimulate prolific flowering although it was the best in inducing shoot 
proliferation in vitro. The results of the present study were similar to those obtained 
Chapter Four Discussion 162 
by Dickens and van Staden (1988). They examined the effects of varying sucrose 
concentrations on in vitro floral induction in Kaianchoe biossfeidiana. It was found 
that sugar concentrations of 2% and 4% (w/v) were stimulatory to flowering, while a 
concentration above 4% became inhibitory. The effect of sugar concentration on in 
vitro flowering of Tornenia was also considered by Tanimoto and Harada (1981). It 
was found that high rates of floral bud formation occurred between 2% and 8% (w/v) 
sucrose. They also found that the mean number of floral buds per explant increased 
along with increasing sucrose concentrations. This contrasts with the findings of the 
present study, suggesting that different in vitro shoot culture systems might have 
different requirement for sucrose concentration as fas as floral initiation is concerned. 
Comparing with shoot formation, where 2% sucrose was the most effective, a higher 
concentration of sucrose at 3% was required for in vitro flowering of G. triflora. It has 
b~en argued that high concentrations ?f carbohydrates within the media induce in vitro 
flowering due to osmotic potential effects rather than the accumulation of sufficient 
carbohydrates by the plant. However, this has been disproved with the work on Zea 
mays cv. Oh43 which requires 10% (w/v) sucrose media for optimal flowering 
(Pareddy and Greyson, 1989). In plant tissue, it was found that the endogenous level 
of free sugars in the apex increases dramatically during induction to flower (Bodson, 
1977). These effects are not due to altered osmotic values but may be the result of 
enhanced activity of the pentose phosphate pathway in response to an excess of soluble 
sugars (Nitsch and Nitsch, 1967; Friend et ai., 1984; Bernier et ai., 1993). 
4.1.3. Other factors involved in in vitro flowering 
Rastogi and Sawhney (1987) observed that the in vitro growth and development of 
tomato flowers from sepal primordia stage to maturity was sensitive to, and regulated 
by, various factors such as cytokinin, auxin, gibberellin, sucrose and pH of the culture 
media. It was reported recently that the pH of media could influence in vitro flowering 
in orange jessamine (Jumin and Ahmad, 1999) and bamboo (John and Nadgauda, 
1999). In the present study, the effect of varying pH of the medium on in vitro 
flowering under different light intensities was investigated. There is revealed an 
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interaction between pH and light intensity. The reason for this is not readily apparent. 
However, it might be related to the uptake of ingredients from the medium and their 
utilization. It could also be argued that at the low pH (3.7 and 4.7) there was some 
physical effect on the gelling of the media which might affect the response of the 
explants. However, using the same liquid media at the three pH values the same 
results in terms of shoot production and flower formation were obtained as when the 
media were gelled with agar (data not shown). 
4.1.4. Similarities of in vitro and in vivo flowers 
There is a high degree of similarity between in vitro and in vivo flowers of G. triflora. 
Most flowers were normal and complex, and appeared in the leafaxils or the top of the 
shoot, but malformations of the flowers were also observed on in vitro flowers of G. 
triflora. This may have been at least partially due to competition andlor nutritional 
deficiencies. Fresh subculture medium may be necessary to eliminate the nutritional 
deficiency during flower development. More work is needed to substantiate this 
possibility. 
The pollen grains from both sources of in vitro and in vivo G. triflora flowers were 
observed using scanning electron microscope (SEM). The results showed that they are 
very similar in terms of shape and size although there were some undeveloped 
(malformed) pollen grains from in vitro flowers. This may be due to nutritional 
deficiencies. The pollen grains from both in vitro and in vivo sources were over 90% 
viable, as examined using the Alexander's procedure, indicating their potential for 
pollination. Germination test on the pollen grains revealed that both in vitro and in 
vivo pollen grains of G. triflora could germinate on controlled conditions, even the 
germination rate was lower in in vitro pollen grains compared to its in vivo 
counterparts. Nevertheless, these results further suggest the possibility of in vitro 
fertilization in G. triflora. 
Seed formation was greatly improved by hand-pollination from 0.3% to 3% in the farm 
although it is still very low. After hand-pollination, no seed formation resulted from in 
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vitro flowers but only seed-like structures were observed. These were likely to be 
those unfertilized ovules of G. triflora and can be observed from both sources of the 
flowers. Higher seed set in vitro requires more research in the future. 
4.2. Senescence of cut gentian flowers 
Senescence and death are important processes in the life cycle of an organism: they 
occur at many stages during the development of an organism and at many levels 
(Leopold 1961, Noodim 1988). Death may occur selectively in a few cells, in specific 
organs, e.g. flower petals, or in a whole organism. Death is often the end result of 
internally programmed degeneration termed senescence (Nooden et al., 1997). In 
flower petals, the often rapid and synchronous programmed death of the cells provides 
a model system to study molecular aspects of organ senescence (Rubinstein, 2000). In 
plants, senescence is considered to be' internally programmed because it is specific and 
orderly in terms of when, where and how it occurs (Nooden and Leopold, 1978). 
In the present study, wilting of cut gentian flowers is the visible sign of senescence. 
This is generally recognised as the petal cells lose turgor. Loss of turgor is presumably 
associated with deterioration of the cell membrane function, which is an early and 
characteristic feature of plant senescence engendering increased permeability, loss of 
ionic gradients, and decreased function of key membrane proteins such as ion pump 
(Taiz and Zeiger, 1998). In carnation, during petal senescence marked changes 
occurred in the water status of the tissue, including losses in water potential and turgor 
(Eze et al. 1986). The decline in membrane structural integrity at the onset of 
senescence appears to be largely attributable to accelerated metabolism of membrane 
lipids and ensuing change in the molecular organisation of the bilayer. Loss of 
membrane phospholipid is one of the best documented indices of membrane lipid 
metabolism during senescence and has been shown to occur during senescence of 
flower petals, leaves, cotyledons and ripening of fruits (Borochov et al., 1982). This 
involves phase separation, which is a change in membrane lipid composition leading to 
leaky membranes and loss of ion gradients. Phase separation of the lipid bilayers of 
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cell membranes does not occur until the final stages of cell disassembly (Thomas et aI., 
1997, 1998). 
Although senescence does progress with age, it is not simply a passive aging process. 
It is controlled by internal and external signals, and it can be delayed or accelerated by 
altering these signals (Nooden 1988). Furthermore, senescence is an active process 
and is controlled by the nucleus (Nooden and Leopold, 1978; Thomas, 1987; Smart, 
1994; Buchanan-Wollaston, 1997; Gan and Amasino, 1997; Nam, 1997; McGrath and 
Ecker, 1998; Gershon and Gershon, 2000; Fujiki et ai., 2001). 
4.2.1. Regulation of flower senescence: ethylene and 
carbohydrate manipulations 
The most important hormones that regulate senescence in higher plants are cytokinins 
and ethylene. Cytokinins delay senescence in many plant species. The effects of 
cytokinin on metabolic processes include delays in the degradation of Chlorophyll and 
protein (Richmond and Lang, 1957; Rodoni et ai., 1998) concomitant with decreased 
activities of chlorophyllase (Sabter and Rodriguez, 1978) in senescing barley leaves. 
In contrast to cytokinin, ethylene hastens many metabolic processes of senescence 
(Brady, 1987). For example, in transgenic tomato, fruit ripening can be delayed by 
antisense expression of either ACC synthase (Oeller et ai., 1991) or ACC oxidase 
(Picton et ai., 1993), the two last enzymes in ethylene biosynthesis. 
Ethylene is a pleiotropic plant growth modulator which is known to initiate many 
developmentally coordinated programs such as petal senescence (Halevy and Mayak, 
1981) and fruit ripening (Tucker and Laties, 1984). Concentrations of ethylene are 
known to increase to high levels during senescence of cut flowers (Eze et ai., 1986). 
The data obtained from the present study showed that the petals of G. triflora produced 
ethylene in the course of senescence, which could be hastened by exogenous ethylene. 
There is growing evidence that in many cases ethylene exposure results in 
autocatalytic ethylene production and gene expression (Woodson & Lawton, 1988; 
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Broglie et al., 1986). The results presented here indicate that exogenous ethylene 
could induce autocatalytic ethylene production in gentian petals and resulted in 
shortened flower vase life. This may imply that ethylene exposure could increase the 
development of petal cell sensitivity to the low basal level of endogenous ethylene. 
Moreover, like many ethylene-sensitive flowers, gentian flowers responded well to a 
post-harvest STS treatment. STS is a well-known inhibitor of ethylene action (Mayak 
et ai., 1973; Veen, 1979; Paulin and Jamain, 1982; Koyama and Uda, 1994; Kuiper et 
aI., 1995; Ichimura, 1998; Han, 1998). 
Moreover, the present study shows that sucrose has a similar effect to STS as far as 
inhibiting ethylene production by gentian petals is concerned. The pulsing solutions 
containing either STS or sucrose has an anti-ethylene effect, which is likely to 
contribute to its effectiveness in extending the vase life of cut gentian flowers. It is 
perhaps not surprising that sucrose pUlsing seems to suppress ethylene production by 
cut gentian flowers. Other studies have already indicated that postharvest sucrose 
treatment could delay ethylene production, for example, in cut carnation flowers 
(Dilley and Carpenter, 1975), sweet pea (Ichimura et ai., 1998) and sandersonia (Eason 
et ai., 2000). 
In carnation, depletion of sugars in flowers was found to be accompanied by ethylene 
production (Nichols, 1966; Dimalla and Van Staden, 1980). In the present study, the 
overall trends of soluble sugar changes in the different pulsing treatments including the 
STS one seem to bear inverse relationship with ethylene production by cut gentian 
flowers. How soluble sugar content might be related to ethylene production is not 
clear. Nevertheless, it raises the interesting possibility that STS could inhibit ethylene 
production in petal cells via its capability to elevate soluble sugar content. Apart from 
the possible effect on ethylene production, an increase in soluble sugars within the 
petal could affect the pattern of gene expression giving rise to some gene products that 
are associated with vase life extension. This idea of sugar not just being a carbon and 
energy source but also specific signals in regulating plant gene expression has been 
studied in many non-floral systems (for example, Salanoubat and Belliard, 1989; 
Karrer and Rodriguez, 1992; Heim et al., 1993; Godt et al., 1995). 
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Sucrose pulsing delayed the onset of visual senescence in cut gentian flowers 
comparing to the water-pulsed samples. Sucrose-pulsed flowers have greater 
quantities of soluble and storage carbohydrates than control flowers. The senescence-
associated reduction in soluble carbohydrate is delayed by sugar pulsing, and this was 
also reported in harvested sandersonia flowers (Eason et ai., 1997; Eason et ai., 2000). 
In flower petals, the senescence process also consists of a loss of enzyme-mediated 
alterations of carbohydrates (Rubinstein, 2000). During senescence, the loss of sugars 
from gentian petals is not as rapid as that for asparagus spear tips (Eason et ai., 1996), 
it occurred at a very late stage of senescence which is very similar to that of 
sandersonia tepals (Eason et ai., 2000). The effect of sucrose solution for pulsing and 
the measurements of the accompanying changes in the levels of soluble sugars in the 
petals of cut gentian flowers are in general agreement with the contention that the 
maintenance of the carbohydrate pool in the petals is important for promoting flower 
longevity (Halevy and Mayak, 1979). The soluble sugars might contribute to the pool 
of respiratory substrates in the petal cells. It has been proposed that senescence is 
induced when the photosynthesis rate drops below a threshold (Dai et ai., 1999), 
although it is possible for photosynthetic rate to fall without loss of chlorophyll (Smart, 
1994; Thomas and Howarth, 2000). When the hexose products of photosynthesis were 
consumed rapidly as a result of increased hexokinase activity, senescence was 
accelerated in both old and newly mature leaves (Dai et ai., 1999). 
In the intact flower it can be postulated that its osmotic potential is maintained by 
import of carbohydrates, and presumably starch acts as a reserve and a buffer against 
an excessive osmotic potential, perhaps under hormonal control (Ho and Nichols, 
1977). Osmotically equivalent solutions (i.e. 87.6 mM) of sucrose, fructose and 
glucose were equally effective as pulsing treatments of cut gentian flower stems in 
improving the vase life of the flowers. This finding is consistent with other studies 
showing that treatment of cut flower stems with a sucrose solution increased the levels 
of not only sucrose but also glucose and fructose within the petals (Shimamura et ai., 
1997; Ichimura, 1998; Ichimura and Hisamatsu, 1999). It is possible that the 
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effectiveness of sucrose solution in delaying petal senescence might at least involve 
the 2 constituent sugars of sucrose, glucose and fructose. This suggestion is supported 
by aforementioned authors although Waithaka et at. (2001) found that the principal 
soluble carbohydrate in gladiolus florets was fructose, with substantially lower 
concentrations of glucose and sucrose. The suggestion is further supported by our 
findings showing the inability of a solution of sorbitol (87.6 mM), that is osmotically 
equivalent to the other 3 sugars, to extend the vase life of cut gentian flowers. It also 
follows from the finding with the osmotically equivalent sorbitol pUlsing solution that 
the improvement in vase life of cut gentian flowers by sucrose, fructose or glucose 
pulsing solutions over the water control was not a result of initial osmotic shock or 
osmotic stress. On the other hand, it is conceivable that sorbitol is not a metabolisable 
sugar in gentian petal cells as plant cells generally have limited capacity to metabolise 
sugar alcohols (Thompson et at., 1986). Interestingly, there was no increase in soluble 
sugar content in the petals following the sorbitol pulsing treatment. Also, the almost 
immediate decline in soluble sugar contents of both the water control and the sorbitol 
treatment correlates well with the shorter vase life ofthe treated flowers. 
The data indicate that the pulsing solutions containing STS, sucrose, glucose and 
fructose were equally effective in promoting an increased level of soluble sugars in 
gentian petals. Ichimura and Hisamatsu (1999) found that glucose, fructose, sucrose 
and mannitol were detected in petals of snapdragon flowers after treatment with 
sucrose. In the present study, the onset of climacteric ethylene production was delayed 
by the sucrose treatment which suggest that the effects of sucrose for promoting bud 
opening and inhibiting flower senescence is attributed to an increase in sugar 
concentrations and the inhibition of ethylene synthesis. With the use of 14C sucrose in 
the pUlsing solution, it seems that much of the sucrose taken up during the pulsing 
treatment was not destined for or disposed of as a stored carbohydrate in the form of 
starch. A high level of radioactivity in the 80% ethanol-soluble fraction (presumably 
soluble sugar) was correlated with the elevated high level of soluble sugar in the petals 
pulsed with 87.6 mM sucrose and other carbohydrates and 0.5 mM STS. 
Chapter Four Discussion 169 
The changes in the levels of starch in the gentian petals following the various pUlsing 
treatments do not indicate a straightforward relationship with the changes in the 
soluble sugar content therein. In cut sweet pea flowers, starch level was higher in the 
sucrose-treated petals than in the water control (Ichimura et al., 1998). This was not 
observed in the cut gentian flowers here. Besides, there are two particularly interesting 
points to note. First, the STS-pulsed petals had the least amount of starch throughout 
the vase-life experiment and yet they lasted longer than those in the other treatments 
did. Secondly, the sorbitol-treated petals had the most amount of starch at least in the 
initial few days of the vase-life experiment and yet they were the most short-lived ones 
among all the pulsing treatments. In the STS-pulsed petals, soluble sugar content was 
the highest among all treatments even the starch content was the least. This may 
contribute to the function that STS can somehow elevate a-amylase activity so that 
starch can be digested quickly to keep high soluble sugar concentration in the petal 
cells. While the sorbitol-treated petals had the highest level of starch but the lowest 
soluble sugar level among the treatments. It is possible that sorbitol, as a sugar 
alcohol, could not be metabolised by the petal cells, thus resulting in the shortest vase 
life (even shorter than water control samples). 
Sugar pUlsing may not have great influence on the cytosolic pool of sugars due to the 
cell's capacity to compartmentalise sugars to the vacuole. Therefore, although the data 
indicate that endogenous carbohydrate levels are greater in sucrose-pulsed tissue, the 
sugars may be sequestered into the vacuole so that they are not readily accessible to 
the rest of the cell (Eason et al., 2000). It is meaningful if the subcellular levels of 
soluble carbohydrates could be measured for determination of which compartments 
contain elevated soluble sugars as a result of sugar pulsing. 
4.2.2. Protein content and enzyme activity changes in 
relation to flower senescence 
The senescence process also consists of a loss of proteins caused by activation of 
various proteinases (Rubinstein, 2000). Senescence is a genetically programmed 
process, the rate of which depends on the organ and species under consideration 
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(Thomas and Stoddart, 1980; Thomas and Smart, 1993; Buchanan-Wollaston, 1997; 
Thomas and Howarth, 2000). During senescence, N stored in mature leaves is 
remobilised for transport to younger or more demanding plant parts such as to 
reproductive organ e.g. flowers including petals and other reproductive parts. In the 
present study, total protein content was generally high at the blue bud stage and low in 
wilted flowers with large changes in petals compared to the other two parts, sepals and 
reproductive parts. Reproductive parts had the highest protein content at the blue bud 
stage and remained high till the flower wilted. This is consistent with reproductive 
parts being in a growing rather than senescence mode and a potential sink of mobilized 
nutrients from petals. Sepals showed the lowest protein content among the three parts 
and statistically there was no change throughout the three developmental stages, 
confirming that the sepal was not in the senescence mode. 
The senescence of gentian petals seems to be associated with an apparent reduction in 
the protein content of the tissue. This fmding is similar to those reported on carnation 
(Jones et at., 1995), rose (Itzhaki et at., 1998) and sandersonia (Eason et at., 2000) but 
markedly different from that reported on chrysanthemum (Williams et at., 1995) where 
the protein content of the petal tissue was only slightly reduced. Reduction of protein 
content in flower petals is recognized as a potential indicator of the flower longevity 
(Williams et at., 1995). Therefore, the stability of the chrysanthemum proteins was 
considered to be associated with the relatively long post-harvest life of these potted 
flowers (25 days), while in gentian, a rapid decrease in protein content in the petals 
could well be associated with the relatively shorter post-harvest life (14 days). The 
reason behind this phenomenon may be due to the increased activity of a specific 
enzyme, e.g. endopeptidase or proteinase. This enzyme, similar to a-amylase, also 
becomes active during senescence (Smart et at., 1995; Solomon et at., 1999). Sucrose 
pulsing of sandersonia flowers delayed tepal senescence and altered amino acid 
metabolism (Eason et at., 2000). 
However, protein contents were found to be different among the petals treated with 
different pulsing solutions. Sucrose or STS treated petals had a much higher protein 
content than water treated petals did, particularly at the blue bud and open flower 
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stages. A study comparing a-amylase activity between water- and sucrose- or STS-
treated gentian flowers indicated that a-amylase activities were significantly higher in 
sucrose- or STS-treated flowers than in water-treated control samples. Alpha-amylase 
activity decreased during senescence of the gentian flower. This result was consistent 
with that showing reduction in protein level during senescence of the gentian flower. 
Not only protein content changed, but polypeptide profiles of the gentian flower 
extracts also changed in response to pulsing with sucrose or STS compared to the 
water control. SDS-PAGE analysis showed that extracts from sucrose- or STS-treated 
petals yielded one distinct polypeptide band of molecular masses of 24 kDa that was 
not seen in other extracts. This is of particular interest because it may be linked to 
increased longevity of the flowers after these pulsing treatments. 
In general, the senescence of many petals is known to be accompanied by increased 
activities of several other hydrolytic enzymes which are thought to play a role in the 
degradation of macromolecules. Their actions allow remobilisation of nutrients from 
the petals to the developing ovary (Baumgartner et al., 1975). 
All flower parts at different stages showed amylase activity at different levels. In 
comparison with other floral organs such as sepals and reproductive parts (styles, 
stigmas, ovaries, filaments and anthers, etc.), the gentian petals had the highest 
amylase activity at the open flower stage. A high a-amylase activity in open flower 
petals might indicate that at this stage the petals needed more soluble sugars as energy 
sources I osmotic solutes to maintain the longevity of the petal cells. And this demand 
in tum might be linked to starch degradation quickly. It is not surprising that the 
amylase activity changes during flower development. In rose, amylase activity 
reached a peak in the petal 2 days after harvest and then declined gradually (Itzhaki et 
al. 1998). 
In addition, changes in other enzyme activities, (for example, lipolytic acyl hydrolase) 
during petal senescence could be investigated. As it has been discussed above (4.2), 
the cell membrane deterioraties during petal senescence. De-esterification of 
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membrane lipids at the onset of senescence and the resultant release of free fatty acids 
can be attributed to lipolytic acyl hydrolase, an enzyme that has broad substrate 
specificity and can deacylate phospholipids directly (Galliard, 1980). Rose petals, for 
example, exhibit an increase in lipolytic acyl hydrolase at the onset of senescence that 
is accompanied by loss of membrane function (Borochov et at., 1982). It is also an 
early and seminal feature of carnation petal senescence (Hong et at., 2000). The action 
of lipolytic acyl hydrolase on membrane is a pivotal feature of senescence, setting in 
motion a cascade of events that leads to loss of cell function. The lipase gene 
encoding lipolytic acyl hydrolase in carnation petals that is strongly expressed 
coincident with the onset of petal senescence was isolated and characterised by Hong 
et al. (2000). The same enzyme in gentian petals could be a good candidate enzyme 
for further research. 
4.2.3. Molecular based changes during senescence of flower 
petals 
Senescence is an active process in which specific senescence-associated or senescence-
enhanced gene products accumulate (Pontier et al., 1999). These may play several 
potential roles leading to cell death: (1) Transcriptional systems could be generally or 
specifically inhibited, forcing the cell to shut down its most vital functions; (2) 
specific lytic enzymes could be induced to destroy individual components of cells; (3) 
energy resources could be severely compromised by synthesis of inhibitors or 
blockage of synthesis of critical components; (4) specific destruction of vital 
components with lethal consequences (Lockshin and Zakeri, 1991). The previous 
physiological and biochemical studies indicated that gentian flowers exhibited the 
substantial changes in the level of soluble sugar, starch, ethylene production, amylase 
and protein contents when the cut flower stems were treated with sucrose or STS 
compared to those treated with water. These might be brought about as a result of 
altered expression of ACC oxidase gene in response to the appropriate pulsing 
treatments of the gentian petals. More specifically in relation to the first 
aforementioned role, STS or sucrose pUlsing might suppress the expression of ACC 
oxidase gene. 
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The objective of this part of study was to generate, by RT-PCR and standard PCR 
techniques, a fragment of the gentian petal ACC oxidase gene that can be used as a 
molecular probe to study the effect of STS or sucrose pulsing on ethylene production 
of gentian petals. As expected, a cDNA fragment of about 930 bp was generated with 
a set of primers designed to amplify the conserved region of ACC oxidase genes from 
several other plants. Optimized RT-PCR programme in this study led to the 931 bp 
putative ACC oxidase gene fragment which is very similar to that (954 bp) obtained 
from pigeon orchid using the same approach (Yang et at., 1999). In this preliminary 
study of gene expression in gentian petals, RNA hybridisation was used to identify 
senescence-associated transcripts. RNA dot blotting analysis showed expression of the 
ACC oxidase gene in the petals of gentian, including high levels of expression in 
wilting petals. Analysis of the mRNA of normal carnation plants indicated the 
presence of ACC synthase mRNA and ACC oxidase mRNA in many tissues, but 
especially in senescing petals where there is a substantial peak of their mRNAs 
accumulation and their enzyme activity during the climacteric phase of petal 
senescence (Woodson et at., 1992). The results of the present study are in agreement 
with this study. Gentian flowers exhibited the climacteric senescence (Zhang, 1996) 
and a high level of ACC oxidase mRNA from the senescing petals of the water-treated 
flowers was therefore be detected using the DIG-labelled ACC oxidase gene fragment. 
The sucrose- or STS-treated petals seemed to have less ACC oxidase mRNA in 
comparison with the water-treated petals. This indicated that the expression of ACC 
oxidase genes was, somehow, reduced to a lower level in the petals treated with 
sucrose or STS, while ethylene production seemed to be totally suppressed by the 
treatments. Hence, here some evidence has been obtained to suggest that sucrose, like 
STS, could act as an anti-ethylene agent at the molecular level, as far as ACC oxidase 
gene expression is concerned. 
In the present study, the DNA was successfully labelled by non-radioactive DIG using 
a standard PCR technique with either Klenow enzyme or Taq DNA polymerase. A 
comparison of labelling efficiency between Klenow enzyme and Taq DNA polymerase 
was conducted and the results showed a difference between the two enzymes. The 
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effects of these two enzymes were clearly different with a much stronger band from 
Taq DNA polymerase and a very faint band from Klenow enzyme. Quantification of 
labelling efficiency of DIG-DNA by DNA dot blotting method also indicated the same 
difference between the two enzymes. The reason why Klenow enzyme did not work 
well comparing to Taq DNA polymerase in the reactions might be due to the long 
ACC oxidase gene fragments (931 bp) in gentian petals. Scharf and others (1986) 
indicated that the use of the Klenow enzyme worked well for the amplification of short 
fragments of DNA (200bp), but was disappointing for amplification of larger ones. 
Often the yields were low and the products showed size heterogeneity. This was 
probable due to the low annealing and extension temperature (37°C) that had to be 
used for the Klenow enzyme to be catalytically active (Scharf et at., 1986). Taq DNA 
polymerase has an optimal extension rate (polymerization rate) of 35-100 nucleotides 
per second at 70-80°C, which is the optimum temperature range for the enzyme. 
Processivity, which is the average number of nucleotides incorporated before the 
enzyme dissociated from the DNA template, is relatively high for Taq DNA 
polymerase (Saiki et at., 1988). 
Many developmental processes of plants that lead to cell death, such as formation of 
tracheary elements (Fukuda, 1996) and senescence of flowers (Orzaez and Granell, 
1997), are genetically programmed (Pennell and Lamb, 1997). It is recognised that 
nuclease activity increases during senescence, resulting in DNA cleavage and 
degradation (Gan and Amasino, 1997; Yan and Yang, 1998). Concomittant with this 
process, expressin of various senescence-associated genes have been shown 
(Buchanan-Wollaston, 1997, Can and Amasino, 1998). Those genes identified as 
senescence-enhanced include proteases, RNAase, lipases and some enzymes of N 
metabolism, as well as the housekeeping genes which continue to be expressed during 
senescence as well as in non-senescent tissues (Thomas et at., 1992; Smart, 1994; 
Buchanan-Wollaston, 1997; Quirino et at., 1999). However, questions about the 
regulation of programmed cell death during senescence have remained unanswered. 
Thus, none of the senescence-associated genes identified up to now appears to be a 
regulatory gene that has a function in initiation or control of senescence (Buchanan-
Wollaston, 1997). 
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Chapter General discussion and Conclusions 
The flowering season of gentians grown in the nursery is very restricted, being from 
early January to middle of March each year in New Zealand. Growing gentians in 
greenhouse was impracticable due to the nature of the plants. To supply enough fresh 
flower materials for research from time to time in a year, the idea of generating in vitro 
flowers of gentian was successfully explored here. The success depended largely on 
setting up a controlled rather than an unreliable spontaneous in vitro flowering system. 
The results are very exhilarating, meaningful and of great help for further studies. We 
regard this as a very basic and important aspect of study in the work presented here. 
Otherwise, it is impossible to carryon so much physiological, biochemical and 
molecular work as what we have described in this study. 
The present study indicated that the in vitro flowering of G. triflora is affected by 
shoot position, sucrose concentration, cytokinin concentration and pH value in light 
conditions. GA3 had no effect on improving in vitro flowering of this flower crop. 
Shoot and flower formation differs in their requirement for PPFD. Shoot production is 
evidently dependent upon a low PPFD (30 /-Lmol m-2 S-1) whereas flower production is 
greatest at moderate PPFD (60 /-Lmol m-2 s-1). The in vitro flowering system as 
presented in this study suggested that the culture of G. triflora as a technique for 
investigation of flowering is promising. Compared to the intact plant systems 
commonly used in studies of flowering, the in vitro flowering system offers an 
attractive alternative. Except the flower size (corolla length), pollen germination and 
pollination rate, in vitro flowers are largely similar to in vivo flowers in other aspects, 
such as the shape and colour of the flowers and petals, the number of anthers, the 
percentages of fully developed stigma, the shape, size and colour of pollen grains, the 
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viability of pollen, etc. This provided evidence for in vitro flowers as an alternative in 
the proposed study on gentian flowers. Furthermore, the flowers can be obtained from 
more than 80% of the in vitro-cultured nodal explants under defined aseptic culture 
conditions within 9 - 12 weeks. By repeating several cycles of this in vitro flowering 
from sub-culturing the nodal explants, flowers can be obtained throughout the year for 
experimental studies including vaselife treatments. The application of in vitro flower 
for vaselife treatment and studies is novel. Also, with further experiments, this should 
lead to a better understanding of the reproductive biology of gentians. 
Pulsing with 87.6 mM sucrose solution clearly improved bud opening and flower vase 
life in cut gentian (Gentiana triflora). Total soluble sugar concentration in the petals 
increased markedly by the sucrose treatment. Comparatively, 0.5 mM STS pulsing 
treatment has similar effect with 87.6 mM sucrose pulsing treatment in improving 
colour changes of the white buds, blue buds opening and longevity of open flowers. 
These results suggested that the effectiveness of sucrose in promoting bud opening and 
inhibiting flower senescence could be ascribed to the increase of the sugar 
concentration in the flowers. Sucrose uptake during pulsing treatments was confirmed 
using radioactive 14C-sucrose. The result further suggested that soluble sugar might 
play an important role in the longevity of G. triflora petal. 
The STS-pulsed petals had the least amount of starch throughout the vase-life 
experiment and yet they lasted longer than those in the other treatments did. While in 
the sorbitol-treated petals had the most amount of starch at least in the initial few days 
of the vase-life experiment and yet they were the most short-lived ones among all the 
pulsing treatments. It would be interesting to develop strategies, for example, 
transgenic flower, that have modified biochemical mechanisms in reducing I elevating 
starch content in the petals for an examination of petal longevity. 
Gas chromatograph (GC) analysis revealed that ethylene production of the flowers was 
suppressed by the sucrose or STS treatment. In the present study, the overall trends of 
soluble sugar changes in the different pulsing treatments including that of STS seem to 
bear inverse relationship with ethylene production by cut gentian flowers. These 
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results strongly suggest that sucrose or STS pulsing solution has anti-ethylene effect, 
which is likely to contribute to its effectiveness in extending the vase life of cut 
gentian flowers. The results of GC analysis showed that the time of ethylene started 
to accumulate (4 days after pulsing treatment) was the time the starch started to decline 
(4 days after a pulsing treatment). This seems to reveal a relationship between starch 
decreasing and the increase of ethylene production in the petals. It raises the 
interesting possibility that sucrose or STS could inhibit ethylene production in petal 
cells via its capability to elevate soluble sugar content while decrease starch content. 
From this, we proposed that an increase in soluble sugars within the petals could affect 
the pattern of gene expression giving rise to some gene products that are associated 
with vase life extension. This idea of sugar not just being a carbon and energy source 
but also specific signals in regulating plant gene expression has been studied in many 
non-floral systems (for example, Salanoubat and Belliard, 1989; Karrer and Rodriguez, 
1992; Heim et al., 1993; Godt et al., 1995). There is growing evidence that in many 
cases ethylene exposure results in autocatalytic ethylene production which led to 
altered gene expression (Woodson and Lawton, 1988; Broglie et ai., 1986). The 
results presented in this study indicated that exogenous ethylene could induce 
autocatalytic ethylene production in gentian petals and result in shortened flower vase 
life. Although autocatalytic ethylene production was shown, it remained to be 
investigated more closely if altered gene expression in gentian petals would follow. 
In our previous study, it has been clear that when treated with sucrose, the soluble 
sugar content increased while starch content decreased in gentian petals. To this, we 
postulated that it could be amylase which played a role in the hydrolysis of starch in 
gentian flower petals. We, therefore, would like to examine a bit more closely to see 
how starch could be hydrolyzed in the petals. Four experimental approaches were 
conducted: (1) Total amylase assay from freshly collected in vitro flowers at different 
developmental stages; (2) Determination of the type of amylase; (3) Determination and 
quantification of a-amylase activities from gentian flowers pulsed by selected 
solutions, and (4) Paper chromatography of the amylase reaction products. The results 
clearly confirmed the presence of mainly a-amylase activity in the crude extracts of 
the petals and other flower parts tested. 
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A study on comparison of a-amylase activity between water- and sucrose- or STS-
treated gentian flowers indicated that a-amylase activities were significantly higher in 
sucrose- or STS-treated flowers than in water-treated control samples. This indicates 
that sucrose or STS at concentration of 3% (w/v) or 0.5 mM, respectively, could 
increase a-amylase activities in gentian flowers, which presumably contributed to a 
decrease in the starch content in the petal treated by sucrose or STS. 
Studies on protein content indicated that gentian flower senescence was associated 
with reduction of the protein content in the petals as well as a loss in their fresh weight. 
Sucrose or STS pulsing treatment could increase protein content in the petals in 
comparison to that of water treated petals. The sepals displayed different behaviours 
compared to the petals because there were no changes in fresh weight and protein 
content during the course of flower development and no response to the pulsing 
treatment with sucrose or STS. It is likely that the sepals may produce no or little 
ethylene. This remains to be investigated. 
Another very interesting phenomenon is that new polypeptides of low molecular 
weights are detected on SDS-PAGE gels used for analysis of the protein profiles ofthe 
petals treated with sucrose or STS. This suggests the possible changes in gene 
expression resulting from the pulsing treatments. Further characterization of the new 
polypeptides and their relationship to flower longevity will need to be studied, perhaps 
using 2-D gel electrophoresis and N-terminal amino acid sequencing to probably 
reveal their identities. 
Traditionally, the ideas on senescence mechanisms fall into two major groupings, 
nutrient deficiencies (e.g., starvation) and genetic programming (i.e., senescence-
promoting and senescence-inhibiting genes). Considerable evidence indicates that 
nutrient deficiencies are not central senescence program components, while increasing 
evidence supports genetic programming (Nooden et al., 1997). It is assumed that 
during senescence of gentian flowers, the rate of ethylene production increased and 
this parallels with the rapid increase in the activity of ACC oxidase, a key enzyme in 
the biosynthetic pathway of ethylene formation. Here, we presented dot blot data to 
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suggest that ACC oxidase gene expression could be suppressed by the administration 
of sucrose or STS. Certainly, these pulsing treatments were largely effective in halting 
ethylene production in gentian petals. 
In conclusion, we would like to recommend that in vitro flowers are suitable materials 
for vase life studies, which can only benefit from enough fresh flowering materials year 
round. The petal senescence in gentian is an active process involving many 
physiological and biochemical changes, and includes the expression of ACC oxidase 
gene. The process appears to be regulated by ethylene. The sucrose- or STS-
suppressed-ACC oxidase gene seems to have succeeded in suppressing the level of 
ACC oxidase mRNA. This, in tum, is likely linked to reduced ethylene production 
and extension of gentian flower vase life. Whether the reduction of mRNA is the 
result of decreased transcription or changes in mRNA processing is not known at the 
present time. However, our results suggested that changes in petal physiology in 
response to sucrose or STS were associated with rapid alterations in gene expression. 
Both sucrose and STS could be inhibitors in ethylene biosynthesis through regulating 
ACC oxidase gene expression. 
In the next few years, if the cDNA fragments obtained in this study using RT-PCR 
technique could be employed to isolate a full-length cDNA clone of gentian ACC 
oxidase gene, transgenic gentian plants would then be generated. The generation of 
this transgenic gentian plants with antisense ACC oxidase cDNA constructs enables a 
study to see if the ability to synthesize ethylene has been reduced or eliminated and if 
vaselife could be improved. This would hopefully reflect similar findings in 
transgenic carnation and tomato and reinforce the concept of improving properties, 
such as postharvest qualities, by genetic engineering rather than by long-term classical 
breeding or the application of chemicals. 
180 
References 
Ali A and Lovatt CJ (1995). Relationship of polyamines to low-tempeerature stress-
induced flowering of the "washington" navel orange (Citrus sinensis L. 
Osbeck). Journal of Horticultural Science 70(3): 491-498. 
Aribaud M and Martin-Tanguy J (1994). Polyamine metabolism, floral initiation and 
floral development in chrysanthmum (Chrysanthemum morifolium Ramat.). 
Plant Growth Regul. 15: 23-31. 
Bagni N (1989). Polyamines and plant growth and development. The Physiology of 
Polyamines. U. Bachrach, and Heimer YM. Boca Raton, CRC Press. 2: 107-
120. 
Bagni Nand Torrigiani P (1992). Polyamines: a new class of growth substances. 
Progress in Plant Growth Regulation. Karssen CM, VanLoon LC and 
Vreugdenhil DV eds. Dordrecht, Kluwer Academic Publishers: pp264-275. 
Bais H, Sudha, GS and Ravishankar GA (2000). Putrescine and nitrate influences 
shoot multiplication, in vitro flowering and endogenous titers of polyamines in 
Cichorium intybus L. cv. Luclmow local. Journal of Plant Growth Regulation 
19(2): 238-248. 
Basu P Bannerjee Sand Das S (1999). Effect of gibberellic acid on flowering, fruit 
setting and fruit development of Trichosanthes dioica Roxb. Indian Journal of 
Plant Physiology 4(4): 331-333. 
Baumgartner B, Kende Hand Matile P (1975). Ribonuclease in senescing morning 
glory. Purificaition and demonstration of de novo synthesis. Plant Physiology 
55: 734-737. 
Bendeck de Cantu Land Kandeler R (1989). Significance of polyamines for flowering 
in Spirodela punctata. Plan and Cell Physiology 30: 455-458. 
Bernier G, Havelange A, Houssa C, Petitjean A and Lejeune P (1988). The control of 
floral evocation and morphogenesis. Annu. Rev. Plant Physiol. Plant Mol. 
Bioi. 38: 175-219. 
Bernier G, Havelange A, Houssa C, Petitjean A and Lejeune P (1993). Physiology 
Signals that induce flowering. The Plant Cell 5: 1147-1155 
181 
Bernier G, Kinet J, Jacquard A, Havelange A and Bodson M (1977). Cytokinin as a 
possible component of the floral stimulis in Sinapsis alba. Plant Physiology 60: 
282-285. 
Bodson M, and Outlaw WH Jr (1985). Elevation in the sucrose content of the shoot 
apical meristem of Sinapis alba at floral evocation. Plant Physiology 79: 420-
424. 
Borochov A, Halevy AH and Shinitzky M (1982). Senescence and the fluidigy of rose 
petal membranes. Plant Physiology 69: 296-299. 
Brady C (1987). Fruit ripening. Annal Review of Plant Physiology 38(155-178). 
Broglie K, Gaynor 11 and Broglie RM (1986). Ethylene-regulated gene expression: 
molecular cloning of the genes encoding an endochitinase from Phaseolus 
vulgaris. Proc Natl Acad Sci USA 83: 6820-6824. 
Brown P and Ho TH (1986). Barley aleuione layers secrete a nulcease in response to 
gibberellic acid. Plant PhYSiology 82: 801-806. 
Buchanan W (1997). The molecular biology of leaf senescence. Journal of 
Experimental Botany 48: 181-199. 
Burtin D, Martin-Tanguy J and Tepfer D (1991). a-D,L-difluoromethylornithine, a 
specific, irreversible inhibitor of putrescine biosynthesis, induces a phenotype 
in tovacco similar to that ascribed to the root-inducing, left-hand transferred 
DNA of Agrobacterium rhizogenes. Plant Physiology 95(461-468). 
Buta J and Izac RR (1972). Caffeoylputrescine in Nicotiana tabacum. Phytochemistry 
11: 1188-1189. 
Caffaro S and Vicente C (1995). Early changes in the content of leaf polyamines 
during the photoperiodic flowering induction in soybean. Journal of Plant 
Physiology 145: 756-758. 
Chailakhyan M (1936). Facts in support of the hormonal theory of plant development. 
C.R.Acad.Sci. USSR (New Ser.) 4: 79-83. 
Chang Wand Hsing Y (1980). In vitro flowering of embryoids derived from mature 
root callus of ginseng (Pan ax ginseng). Nature 284: 341-342. 
Chiou T and Bush DR (1998). Sucrose is a signal molecule in assimilate partitioning. 
Proc. Natl Acad. Sci. USA,. 95: 4784-4788. 
Chouard P (1960). Vernalisation and its relation to dormancy. Annu. Rev. Plant 
Physiol. Plant Mol. Biol. 11: 191-238. 
182 
Compton M and Vielleux RE (1992). Thin cell layer morphogenesis. Hort Rev 14: 
239-264. 
Dai N, Schaffer A, Petreikov M, Shahak Y, Giller Y, Ratner K, Levine A and Granot 
D (1999). Overexpression of Arobidopsis hexokinease in tomato plants inhibits 
growth. Plant Cell 11: 1253-1266. 
Dai Y and Galston AW (1981). Simultaneous phytochrome controlled promotion and 
inhibition of arginine decargoxylase activity in buds and epicotyles of etiolated 
peas. Plant Physiol67: 266-269. 
Dai Y and Wang J (1987). Relation of polyamine titer to photoperiodic induction of 
flowering inPharbitis nil. Plant Science 51: 135-139. 
Daoudi E and Bonnet MM (1998). Conjugated polyamines and flowering 
differentiation in Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco). 
Canadian Journal of Botany 76(5): 782-790. 
Day J, Loveys BR and Aspinall D (1995). Cytokinin and carbohydrate changes during 
flowering of Boronia megastigma. Australian Journal of Plant Physiology 
22(1): 57-65. 
Debergh PC (1994). In vitro culture of ornamentals. Plant Cell and Tissue Culture. 1. 
K. Indra and Trevor AT eds. Dordrecht, The Netherlands, Kluwer Academic 
Publishers. 
Debergh PC and Maene LJ (1983). Contribution of tissue culture techniques to 
horticultural research and production. Acta Horticulturae 131: 23-37. 
Debergh PC and Read PE (1991). Micropropagation. Micropropagation. P. Debergh, 
and ZimmermanRH eds. Netherlands, Kluwer Academic Publishiers: ppl-13. 
Deltour R. (1967). Action du saccharose sur la croissance et al mise a fleurs de plants 
issues d'apex de Sinapis alba L. cultives in vitro. C.R.Acad.Sci. (Paris) 264: 
2765-2767. 
Dembinski E, Wisniewska I, Zebrowski J and Raynska-Bojanowska K (1996). 
Negative regulation of asparagine synthetase in the leaves of maize seedlings 
by light, benzyladenine and glucose. Physiologia Plantarum 96: 66-70. 
deMorais GA and Takaki M (1998). Determination of amylase activity in cotyledons 
of Phaseolus vulgaris L. cv. carioca. Brazilian Archives of Biology and 
Technology 41(1): 17-25. 
Dewitte W, Chiapetta A, Azmi A, Witters E, Strnad M, Rembur J, Noin M, Chriqui D 
and van Onckelen H (1999). Dynamics of cytokinins in apical shoot meristems 
of a day-neutral tobacco during flora transition and flower formation. Plant 
Physiology 119( 1 ): 111-121. 
183 
Dickens C and van Staden J (1988). The in vitro flowering of Kalanchoe blossfeldiana 
Poellniz. (1) Role of culture conditions and nutrients. Journal of Experimental 
Botany 39: 461-471. 
Dickens CWS and van Staden J (1990). The in vitro flowering of Kalanchoe 
blossfeldiana Poellniz. (2) The effects of growth regulators and dallic acid. 
Plant Cell Physiology 39: 461-471. 
Dilley D and Carpenter WJ (1975). The role of chemical adjuvants and ethylene 
synthesis on cut flower longevity. Acta Horti 41: 117-132. 
Dimalla G and Van Staden J (1980). The effect of silver thiosulfate preservation on the 
physiology of cut carnations. 1. Influence on longevity and carbohydrate 
status. Z._Pjlanzenphysiol. 99: 9-17. 
Downs C and Somerfield SD (1997). Asparagine synthetase gene expression increases 
as sucrose declines in broccoli after harvest. New Zealand Journal of Crop and 
Horticultural Science 25: 191-195. 
Dubios M, Gilles KA, Hamilton JK, Rebers PA and Smith F (1956). Colorimetric 
methods fordetermination of sugars and related substances. Anal Chern 28: 
350-356. 
Eason J, de Vre LA, Somerfield SD and Heyes JA (1997). Physiological changes 
associated with Sandersonia aurantiaca flower senescence in response to 
sugar. Postharvest Biology and Technology 12: 43-50. 
Eason J, Johnston JW, de Vre L, Sinclair BK and King GA (2000). Amino acid 
metabolism in senescing Sandersonia aurantiaca flowers: cloning and 
characterization of asparagine synthetase and glutamine synthetase cDNAs. 
Australia Journal of Plant Physiology 27: 389-396. 
Eason J, O'Donoghue EM and King GA (1996). Asparagine synthesis and localization 
of transcripts for asparagine synthetase in tips of harvested asparagus spears. 
Journal of Plant Physiology 149: 252-256. 
Ecker JR (1995). The ethylene signal transduction pathway III plants. Science 
268(5211): 667-675. 
Edwards JBDM, R. P., Icard-Liepkalns C and Mallet J (1995). cDNA cloning by RT-
PCR. In PCR 2. M. McPherson, Hames BD and Tatlor GR eds. Oxfrod, UK, 
Oxfrod University Press. 
Eisenthal R and Danson MJ (1992). Enzyme Assays - A practical approach. The 
Practical Approach Series. Oxford, New York, Tokyo, Oxford University 
Press. 
184 
Evans L (1969). The induction of flowering. Ithaca, N.Y., Cornell Univ.Press. 
Evans L (1971). Flower induction and the florigen concept. Annu. Rev. Plant Physiol 
22: 365-394. 
Evans P and Malmberg RL (1989). Do polyamines have roles in plant development? 
Annual Review of Plant Physiology and Plant Molecular biology 40: 235. 
Eze J, Mayak S, Thompson JE and Dumbroff EB (1986). Senescence in cut carnation 
flowers: Temporal and physiological relationships among water status, 
ethylene, abscisic acid and membrane permeability. Physiologia Plantarum 68: 
323-328. 
Faragher JD and Mayak S (1984). Physiological responses of cut rose flower to 
exposure to low temperautre: changes in membrane permeability and ethylene 
production. J Experimental Botany 35: 965-974. 
Felix G, GrosskopfDG, Regenass M, Basse CW and Boller T (1991). Elicitor-induced 
ethylene biosynthesis in tomato cells. Characterization and use as a bioassay 
for elicitor action. Plant Physiol97: 19-25. 
Fischer EH, Sumerwell WN, Junge J and Sten EA, (1960). Calcium and the molecular 
structure of a-amylases. 4th Int. Biochem. Congr., Vienna, 1958. 
Fluhr R (1998). Ethylene perception: from two-component signal transducers to gene 
induction. Trends in Plant Science 3(141-146): 83-111. 
Fluhr R and Mattoo AK (1996). Ethylene - Biosynthesis and perception. Critical 
Reviews in Plant Sciences 15(5&6): 479-523. 
Franklin G, Pius PK and Ignacimuthu S (2000). Factors affecting in vitro flowering 
and fruiting of green pea (Pisum sativum L.). Euphytica 115: 65-73. 
Freeman WM, Walker SJ and Vrana KE (1999). Quantitative RT-PCR: Pitfalls and 
potential. Biotechniques 26(1): 112-121. 
Frien, D, Bodson M and Beringer G (1984). Promotion of flowering in Brassica 
campestris L.cv. ceres by sucrose. Plant Physiology 75: 1085-1089. 
Frydenberg 0 and Nielsen G (1965). Amylase isozymes in germinating barley seeds. 
Hereditas 54: 123-129. 
Fujiki Y, Yoshikawa Y; Sato T, Inada N, Ito M, Nishida I and Watanabe A (2001). 
Dark-inducible genes from Arabidopsis thaliana are associated with leaf 
senescence and repressed by sugars. Physiologia Plantarum 111(3): 345-352. 
References 185 
Fukuda H (1996). Xylogenesis: initiation, progression and cell death. Annual Review 
of Plant Physiology and Plant Molecular Biology 47: 299-325. 
Galliard T (1980). The Biochemistry of Plants. New York, Academic. 
Galoch E, Burkacka LE and Kopcewicz J (1996). Effect of cytokinins on flower 
differentiation in cultured plantlets of Pharbitis nil Chois. Acta Physiologiae 
Plantarum 18(3): 223-227. 
Galun E, Jung Y and Lang A (1962). Culture and sex modification of male cucumber 
buds in vitro. Nature 194: 596-598. 
Gamborg OL, Miller RA and Ojima K (1968). Nutrient requirement of suspension 
cultures of soybean root cells. Experimental Cell Research 50: 151-158. 
Gan Sand Amasino RM (1997). Making sense of senescence - molecular genetic 
regulation and manipulation of leaf senescence. Plant Physiology 113: 313-
319. 
Gautheret RJ (1939). Sur lapossibi1ite de realiser la culture indefinie des tissue de 
tubercules de Carotte. C.R.Ac. Sc,- 208: 317-318. 
Gautheret RJ (1983). Plant tissue culture: a history. The botanical magazine, Tokyo 
96: 393-410. 
Gershon H, and Gershon D (2000). Paradigms in ageing research: A critical review 
and assessment. Mechanisms of Ageing and Development 117(1-3): 21-28. 
Godt D, Riegel A and Roitsch T (1995). Regulation of sucrose synthase expression in 
Chenoposium rubrum: Characterisation of sugar-induced expression in 
photo autotrophic suspension cultures and sink tissue specific expression in 
plants. J Plant Physiol146: 231-238. 
Guerrero C, De-La-Calle M, Reid MS and Valpuesta V (1998). Analysis of the 
expression of two thiolprotease genes from dayli1y (Hemerocallis spp.) during 
flower senescence. Plant Molecular Biology 36(4): 565-571. 
Haberlandt G (1902). Kulturversuche mit isolierten Pflanzenzellen. Sitz. Akad. Wiss. 
Wien 111: 69-92. 
Halevy A and Mayak S (1979). Senescence and postharvest physiology of cut flowers. 
part 1. Hort. Rev. 1: 204-236. 
Halevy A and Mayak S (1981). Senescence and postharvest physiology of cut flowers. 
Part 2. Hortic Rev. 3: 59-143. 
Halevy AH (1987). Recent advances in postharvest physiology of carnations. Acta 
Horticulture 216: 243-254. 
186 
Halevy AH and Kofranek AM (1977). Silver treatment of carnation flowers for 
reducing ethylene damage and extending longevity. Journal of the American 
Society for Horticultural Science 102: 76-77. 
Hamasaki N and Galston A W (1990). The polyamines of Xanthium strumarium and 
their response to photoperiod. Photochem. Photobiol. 52: 181-186. 
Hamner K and Bonner J (1938). Photoperiodism in relation to hormones as factors in 
flroal initiation and development. Bot. Gaz. 100: 388-431. 
Han S (1998). Postharvest handling of cut Heuchera sanquinea Engelm. flower: 
Effects of sucrose and solver thiosulfate. HortScience 33: 731-733. 
Handro W (1977). Structure aspects of the neo-formation of floral buds on leaf discs of 
Streptocarpus nobilis cultured in vitro. Ann. Bot. 41: 303-305. 
Harada H (1966). Effects of photoperiod on the formation of flower buds by flower 
stalk sections of Cichorium intybus in tissue culture. Botany Magazine,Tokyo 
79: 119-123. 
Harkess R, Lyons RE and Kushad MM (1992). Floral morphogenesis in Rudbeckia 
hirta in relation to polyamine concentration. Physiol Plant 86: 575-582. 
Hatori M, Sakagami Y and Marumo S (1991). The effects of auxin and antiauxin in an 
in vitro bioassay of flower regulatory activity in leaf exudate from tobacco 
plants. Physiologia Plantarum 81(1): 1-6. 
Havelange A, Bodson M and Bernier G (1986). Partial floral evocation by exogenous 
cytokinin in the long-day plant Sinapis alba. Physiologia Plantarum 67: 695-
701. 
Havelange A, Lejeune P, Bernier G, Kaur-Sawhney Rand Galston A (1996). 
Putrescine export from leaves in relation to floral transition in Sinapis alba. 
Physiol Plant 96: 59-65. 
Heim U, Weber H, Baumlein Hand Wobus U (1993). A sucrose-synthase gene of 
Vicia faba L.: Expression pattern in developing seeds in relation to starch 
synthesis and metabolic regulation. Planta 191: 394-401. 
Henny R, Norman DJ and Kane ME (1999). Gibberellin acid-induced flowering of 
syngonium podophyllum Schott "White Butterfly". Hortscience 34(4): 676-677. 
Henrickson LE (1954). The flowering of sunflower explants in aseptic culture. Plant 
Physiol. 29: 536-538. 
187 
Hensel LL, Grbic V, Baumgarten DA and Bleecker AB, (1993). Developmental and 
age-related processes that influence the longevity and senescence of 
photosynthetic tissues in Arabidopsis. Plant CellS: 553-564. 
Henskens JAM, Rouwendal GJA, Ten Have A and Woltering EJ, (1994). Molecular 
cloning of two different ACC synthase PCR fragments in carnation flowers and 
organ-specific expression of the corresponding genes. Plant Mol Bioi 26: 453-
458. 
Heylen C and Vendrig JC (1991). Further studies on the effects of different auxins and 
cytokinins on flower formation in thin layers of Nicotiana tabacum: The effects 
of zeatin riboside, dihydrozeatin and dihydrozeatin riboside. Physi%gia 
Plantarum 83: 574-577. 
Heylen C and Vendrig JC (1988). The influence of different cytokinins and auxins on 
flower neoformation in thin cell layers of Nicotiana tabacum L. Plant and Cell 
Physiol 29: 665-671. 
Hicks GS and Sussex IM (1970). Development in vitro of excised flower primordia of 
Nicotiana tabacum. Canadian'Journal of Botany 48: 133-139. 
Hillman J, Glidewell SM and Deighton N (1994). The senescence syndrome in plants: 
an overwiew of phytogerontology. Proceedings of the Royal Society of 
Edinburgh 102D: 447-458. 
Ho L and Nichols R (1977). Translocation of 14C-sucrose in relation to change in 
carbohydrate content in rose corollas cut at different stages of development. 
Ann. Bot 41: 227-242. 
Holdsworth M, Schuch W and Grierson D (1988). Organisation and expression of a 
wound/ripening-related small multi gene family from tomato. Plant Molecular 
Biology 11: 81-88. 
Hong Y, Wang ZW, Hudak KA, Schade F, Froese CD and Thompson JE (2000). An 
ethylene-induced cDNA encoding a lipase expressed at the onset of 
senescence. Proceedings of the National Academy of Sciences of the United 
States of America 97(15): 8717-8722. 
Horticulture News (1997). Improving post-harvest flower life. NZ Horticulture News 
19(9): 28. 
Hosokawa K, Nakano-M, Oikawa Y and Yamamura S (1996). Adventitious shoot 
regeneration from leaf, stem and root explants of commercial cultivars of 
Gentiana. Plant cell reports 15: 578-581. 
Hosokawa K, Oikawa Y and Yamamura S (1998). Mass propagation of ornamental 
gentian in liquid medium. Plant cell reports 17: 747-751. 
References 188 
Hsiu J, Fischer EH and Stein EA (1964). Alpha amylases as calcium-metalloenzymes, 
II. Calcium and catalytic acitivity. Biochemistry 3: 61-66. 
Hughes C, Beard HS and Matthews BF (1997). Molecular cloning and expression of 
two cDNAs encoding asparagine synthetase in soybean. Plant Molecular 
Biology 33: 301-311. 
Hughes KW (1980). Ornamental species. Cloning Agricltural Plants via in vitro 
Techniques: 6-49. 
Hung K and Kao CH (1997). Lipid peroxidation in relation to senescence of maize 
leaves. Journal of Plant Physiology 150: 283-286. 
Hunter DA, Yoo SD, Butcher SM and McManus MT, (1999). Expression of 1-
amincyclopropane-l-carboxylate oxidase during leaf ontogeny in white clover. 
PlantPhysiol120: 131-141. 
Ichimura K and Hisamatsu T (1999). Effects of contiunous treatment with sucrose on 
the vase life, soluble carbohydrate concentrations, and ethylene production of 
cut snapdragon flowers. Journal of the Japanese Society for Horticultural 
Science 68(1): 61-66. 
Ichimura K, Kojima K and Goto R (1999). Effects of temperature, 8-hydroxyquinoline 
sulphate and sucrose on the vase life of cut rose flowers. Postharvest Biology 
and Technology 15(1): 33-40. 
Ichimura K, Mukasa Y, Fujiwara T, Kohata K and Suto K (1998). Improvement of 
postharvest life and cahnges in sugar concentrations by sucrose treatment in 
bud-cut sweet pea. Bull. Mati. Res. Veg. Drnam. Plants and Tea, Japan,. 13: 
41-49. 
Innis MA, Gelfand DH, Sninsky JJ and White TJ, (1990). PCR Protocols. A guide to 
methods and applicatio~. San Diego, CA, Academic. 
Innis MA, Myambo KB, Gelfand DH and BRow MAD, (1988). DNA sequencing with 
Thermus aquaticus DNA polymerases and direct sequencing of plolymerase 
chain reaction-amplified DNA. Proc. Natl. Acad. Sci. USA 85: 9436-9440. 
Itzhaki H, Borochov A and Mayak S (1990). Age-related changes in petal membranes 
from attached and detached rose flowers. Plant Physiol94: 1233-1236. 
Itzhaki H, Mayak Sand Borochov A (1998). Phosphatidy1choline turnover during 
senescence of rose petals. Plant Physiol. Biochem. 36(6): 457-462. 
Ivana M, Dragoljub G and MiIjana N (1997). Micropropagation of four Gentiana 
species (G. lutea, G.cruciata, Gpurpurea and G.acaulis). Plant Cell 
Tiss. Drg. Cult. 49: 141-144. 
189 
Jacobsen JV, Scandallas JG and Martienssen RA (1970). Multiple fonns of amylase 
induced by gibberellic acid isolated barley aleurone layers. Plant Physiology 
45: 367-371. 
Jiang YM and Fu JR (2000). Ethylene regulation of fruit ripening: Molecular aspects 
[Review]. Plant Growth Regul. 30(3): 193-200. 
John C and Nadgauda RS (1999). In vitro-induced flowering in bamboos. In vitro 
Cellularand Developmental Biology Plant. 35(4): 309-315. 
Johnson PR and Ecker JR (1998). The ethylene gas signal transduction pathway: a 
molecular perspective. Annual Review of Genetics 32: 227-254. 
Jones M, Larsen PB and Woodson WR (1995). Ethylene-regulated expression of a 
carnation cysteine proteinase during flower petal senescence. Plant Mol. Bioi. 
28: 505-512. 
Joshi M and Nadgauda RS (1997). Cytokinins and in vitro induction of flowering in 
bamboo:Bambuca arundinacea (Retz.) Willd. Current Sceince Bangalore 
73( 6): 523-526. 
Jumin H and Ahmad M (1999). High-frequency in vitro flowering of Murraya 
paniculata (L.) Jack. Plant Cell Reports 18: 764-768. 
Jumin Hand Nito N (1996). In vitro flowering of orange jessamine (Murraya 
Paniculata (L) Jack). Exoerientia 52(3): 268-272. 
Jumin H and Nitro N (1995). Embryogenic protoplast cultures of orange Jessamine 
(Murraya paniculata) and their regeneration on plant flowering in vitro. Plant 
Cell Tiss. Org. Cult. 41: 277-279. 
Jung T, Lee JR, Cho MH and Kim WT (2000). Induction of l-aminocyclopropane-1-
carboxylate oxidase mRNA by ethylene in mung bean roots: Possible 
involvement of Ca2+ and phosphoinositides in ethylene signalling. Plant Cell 
and Environment 23(2): 205-213. 
Kadyrzhanova DK, McCully TJ, Jaworski SA, Vervefidis P and Vlachonasios KE 
(1997). Structure-function analysis of ACC oxidase by site-directed 
mutagenesis. Biology and Biotechnology of the Plant Hormone Ethylene. 
Dordrecht, The Netherlands, Kluwer: 5-13. 
Karrer E and Rodriguez RL (1992). Metabolic regulation of rice a-amylase and 
sucrose synthase gene in planta. Plant J2: 517-523. 
Kaur-Sawhney R, Tiburcio AF and Galston A W (1988). Spennidine and flower bud 
differentiation in thin layer explants oftobacco. Planta 173: 282-284. 
References 190 
Kende H (1993). Ethylene biosynthesis. Annu Rev Plant Physiol Plant Mol Bioi 44: 
283-307. 
Kende Hand Zeevart JAD (1997). The five "classical" plant hormones. Plant Cell 9: 
1197-1210. 
Kieber JJ and Ecker JR (1993). Ethylene gas: it's not just for ripening any more! 
Trends-Genet. 9(10): 356-362. 
King G, Woollard DC, Irving DE and Borst WM (1990). Physiological changes in 
asparagus spear tips after harvest. Physiologia Plantarum 80: 393-400. 
King Rand Zeevaart JAD (1973). Floral stimulus movement in Perilla and flower 
inhibition caused by non-induced leaves. Plant Physiology 51: 7270738. 
Kingston S and Theodorou MK (2000). Tansley review no. 118: Post-ingestion 
metabolism of fresh forage. New Phytologist 148(1): 37-55. 
Kohlein F (1991). Gentians. London, Christopher Helm, A & C Black. 
Kostenyuk I, Oh BJ and So IS (1999). Induction of early flowering in Cymbidium 
niveo-marginatum Male in vitro. Plant Cell Reports 19(1): 1-5. 
Kosugi Y, Shibuya K, Tsuruno N, Iwazaki Y, Mochizuki A, Yoshioka T, Hashiba T 
and Satoh S (2000). Exression of genes responsible for ethylene production and 
wilting are differently regulated in carnation (Dianthus caryophyllus L.) petals. 
Plant Science 158(1-2): 139-145. 
Koyama Y and Uda A (1994). Effects of temperature, light intensity and sucrose 
concentration of bud forcing and carnation flower quality. J. Jap. Soc. Hart. 
Sci 63: 203-209. 
Kraus EJ and Kraybill HR (1918). Vegetation and reproduction with special reference 
to tomato. Oregon Agric Call Exp Sta Bull 149. 
Kristiansen K, Ornstrup H and Brandt K (1999). In vitro PPFD and media composition 
affect both in and ex vitro performance of Alstroemeria Butterfly-hybrids. 
Plant Cell Tissue & Organ Culture 56(3): 145-153. 
Kubo Y, Xue YB, Nakatsulea A, Mathooko FM, Inaba A and Nakamura R (2000). 
Expression of a water stress-induced polygalacturonase gene in harvested 
cucumber fruit. Journal of the Japanese Society for Horticultural Science 
69(3): 273-279. 
Kuiper D, Ribot S, Van Reenen HS and Marissen N (1995). The effect of sucrose on 
the flower bud opening of Madelon cut roses. Sci, Hortic. 60: 325-336. 
References 191 
Laemmli UK (1970). Cleavage of structural proteins during the assembly of the head 
ofbecteriophage T4. Nature 227: 680-685. 
Lamproye A, Crevecoeur M, Kevers C and Gaspar Th (1987). Multiplication 
vegetative in vitro de Gentiana lutea et de Gentiana pneumonanthe. Medicina 
Fec. Landbouww. Rijksuniv. Gentica 52(3b): 1255-1257. 
Lang A (1965). Physiology of flower initiation. Encyclopedia o/plant physiology. W. 
Ruthland. New York, Springer-Verlag: pp1380-1536. 
Lang A (1987). Nicotiana. Handbook of flowering. H. AH. Boca Raton, F1a, CRC. VI: 
427-483. 
Lasserre E, Bouquin T, Hernandez JA, Bull J, Pech JC and Balague C (1996). 
Structure and expression of three genes encoding ACC oxidase homologs from 
melon (Cucumis melo L.). Mol. Gen. Genet. 251: 81-90. 
Lasserre E, Godard F, Bouquin T, Hernandez JA, Pech JC, Roby D and Balague C 
(1997). Differenital activation of two ACC oxidase gene promoters from melon 
during paInt development and'in response to pathogen attack. Mol. Gen. Genet. 
256: 211-222. 
Lawton KA, Huang B, Goldsbrough PB and Woodson WR (1989). Molecular cloning 
and characterisation of senescence-related genes from flower petals. Plant 
Physiol90: 690-696. 
Lejeune P, Bernier G and Kinet JM (1991). Sucrose levels in leaf exudate as a function 
of floral induction in the long day plant Sinapsi alba. Plant Physiol. Biochem. 
29: 153-157. 
Lejeune P, Bernier G, Requier MC and Kinet JM (1993). Sucrose increase during 
floral induction in the phloem sap collected at the apical part of the shoot of the 
long-day plant Sinapis alba L. Planta 190: 71-74. 
Leopold AC (1961). Senescence in plant development. Science 134: 1727-1732. 
Levy Y and Dean C (1998). The transition to flowering. The Plant Cell 10: 1973-1989. 
Li N, Wiesman Z, Liu D and Mattoo AK (1992). A functional tomato ACC synthase 
expresssed in Escherichia coli demostrates suicidal inactivation by its substrate 
S-adeno-sylmethionine. FEBS Lett 306: 103-107. 
Lin TP, Spilatro SR and Preiss J (1988). Subcellular localization and characterization 
of amylases in Arabidopsis Leaf. Plant Physiol 86: 251-259. 
192 
Lincoln JE, Campbell AD, Oetiker J, Rottmann WH, Oeller PW, Shen NF and 
Theologis A (1993). LE-ACS4, a fruit ripening and wound-induced 1-
aminocyc1opropane-l-carboxylate synthase gene of tomato (Lyocopersicon 
esculentum). J Bioi Chem 268: 19422-19430. 
Liu JH, Lee TSH and Reid DM (1997). Differential and wound-inducible expression 
of l-aminocyc1opropane-l-carboxylate oxidase genes in sunflower seedlings. 
Plant Mol Bioi 34: 923-933. 
Liu K and Li S (1989). In vitro flower fonnation in leaf explants of tomato: effects of 
NaCL Planta 180: 131-133. 
Liverman J and Lang A (1956). Induction of flowering in long day plants by applied 
indoleacetic acid. Plant Physiology 31: 147-150. 
Lloyd G and McCown B (1980). COlIDnercially - feasible micropropagation of 
mountain laurel, Kalmia latifolia, by use of shoot-tip culture. Comb. Proc. Inti. 
Plant Prop. Soc. 30: 421-442. 
Lockshin Rand Zakeri Z (1991). Programmed cell death and apoptosis. In Apoptosis: 
The Molecular Basis o/Cell Death. L. Tomei, and Cope FO. USA, Cold Spring 
Harbour Laboratory Press: pp 47-60. 
MacGroegor AW, Laberge DE and Meredith WOS (1971). Separation of a-amylase 
and p-amylase enzymes from barley malt by ion-exchange chromatography. 
Cereal Chemistry 48: 490-498. 
Malmberg R and Mc1ndoo J (1983). Abnormal floral development of a tobacco mutant 
with elevated polyamine levels. Nature 305: 623-625. 
Margara J and Rancillac M (1966). Recherches experimentales sur la neoformation de 
bourgeons inflorescentiels ou vegetatifs in vitro a partir d1explantats d1endive 
(Cichorium intybus L.). II. Observations sur la vemalisation prealable de la 
racine. Ann. Physiol. Veg. 8: 39-47. 
Margara J and Touraud G (1967). Experimental research in vitro on neoformation of 
inflorescence or vegetative buds from explants of Cichorium intybus L. N. 
Variation in the effects of certain orgainc compounds according to the 
conditions ofthe medium. Ann. Physiol. Veg. 9: 339-347. 
Margara J and Touraud G (1968). Experimental research in vitro on neoformation of 
inflorescence or vegetative buds from explants of Cichorium intybus L. V. 
Photoperiodical induction. Ann. Physiol. Veg. 10: 41-56. 
Margara J, Rancillac M and Deck D (1965). Experimental research in vitro on 
neoformation of inflorescence or vegetative buds from explants of endive 
(Cichorium intybus L.). 1. Influence of variety and polarity of explants. Ann. 
Physiol. Veg. 7(3): 157-170. 
References 193 
Markert CL (1974). Isozymes: (1) Molecular Structure; (II) Physiological 
Function; (III) Developmental Biology; (IV) Genetics and Evolution. The 
Third International Congress on Isozymes, Yale University, Academic Press, 
New York. 
Markert CL and M0ller F (1959). The distribution of esterases in mouse tissues. J 
Histochem Cytochem, 7(42-49). 
Martinez-Zapater J, Coupland G, Dean C and Koornneef M (1994). The transition to 
flowering in Arabidopsis. In Arabidopsis. E. Meyerowits, and Somerville CR, 
eds. Cold Spring Harbor Laboratory, NY, Cold Spring Harbor Laboratory 
Press: pp 403-433. 
Mayak S, Bravdo B, Gvilli A and Halevy AH (1973). Improvement of opening of cut 
gladioli flowers by pre-treatment with high sugar concentrations. Sci, Hortic. 1: 
357-365. 
McDaniel C, Sangry HK and Singer SR (1989). Node counting in axillary buds of 
Nicotiana tabacum cVWisconsin 38, a day-neutral plant. Am. J. bot. 76: 403-
408. 
McDaniel C, Singer SR and Smith SME (1992). Developmental states associated with 
the floral transition. Developmental Biology 153: 59-69. 
McGrath R, and Ecker JR (1998). Ethylene signalling in Arabidopsis: Events from the 
membrane to the nucleus. Plant Physiology and Biochemistry Paris 36(1-2): 
103-113. 
Miller C (1961). A kinetin-like compound in maize. Proc Natl Acad Sci USA 47: 170-
174. 
Mitrovic A, Zivanovic Band Culafic L (2000). The effects of photoperiod, glucose 
and gibberellic acid on growth in vitro and flowering of Chenopodium murale. 
Biologia Plantarum 43(2): 173-177. 
Mohanram H and Batra M (1970). Stimulation of flower formation by cytokinins in 
the excised immature inflorescences of Cyperus rotundus. Phytomorphology 
20: 22-29. 
Murashige T (1974). Plant propagation through tissue cultures. Annu. Rev. Plant 
Physiol. 25: 135. 
Nichols R (1966). "Ethylene production during senescence of flowers. J. Hort. Sci. 41: 
279-290. 
Nooden L, Guiamet JJ and John I (1997). Senescence mechanisms. Physiologia 
Plantarum 101: 746-753. 
References 194 
Nooden LD (1988). Whole plant senescence. In Senescence and Aging in Plants. 
Nooden LD and Leopold AC eds. San Diego, CA, Academic Press: pp 391-
439. 
Oeller P, Min-Wong L, Taylor L, Pike DA and Theologis A (1991). Reversible 
inhibition of tomato fruit senescence by antisense RNA. Science 254(437-439). 
Oka M, Miyamoto K, Okada K, and Ueda J (1999). Auxin polar transport and flower 
flormation in Arabidopsis thaliana transformed with indoleacetamide 
hydrolase (iaaH) gene. Plan and Cell Physiology 40(2): 231-237. 
Okada K and Shimura Y (1994). Genetic analyses of signalling in flower development 
using Arabidopsis. Plant Mol BioI 26: 1357-1377. 
Okada K, Ueda J, Komaki MK, Bell CJ and Shimura CJ (1991). Requirement of the 
auxin polar transport system in early stages of Arabidopsis floral bud 
formation. Plant Cell 3: 677-684. 
Okita T and Preiss J (1980). Starch degradation in spinach leaves - Isolation and 
characterization of the amylases and R-enzyme of spinach leaves. Plant 
Physiol 66: 870-876. 
Ori N, Juarez MT, Jackson D, Yamaguchi J, Banowetz GM and Hake S (1999). Leaf 
senescence is delayed in tobacco plants expressing the maize homeobox gene 
knotted 1 under the control of a senescene-activated promoter. Plant Cell 
11(1073-1080). 
Orzaez D, and Granell A (1997). DNA fragnlentation is regulated by ethylene during 
carple senescence inPisum sativum. Plant Journal 11: 137-144. 
Park J, Oh SA, Kim YH, Woo HR and Nam HG (1998). Differential expression of 
senescecen-associated mRNAs during leaf senescence induced by different 
senescence-inducing factors in Arabidopsis. Plant Molecular Biology 37: 445-
454. 
Paulin A, and Jamain C (1982). Development of flowers and changes in various sugars 
during opening of cut carnations. J Amer. Soc. Hort. Sci. 107: 258-261. 
Peeters A, Proveniers M, Hoek AV, Schreuder M, Gerards W, Barendse GWM, 
Wullems GJ and Van Hoek A (1994). Isolation and characterisation ofmRNAs 
accumulated during in vitro flower bud formation. Planta 195: 271-281. 
Pennel I and Lamb C (1997). Programmed cell death in plants. Plant Cell 9: 1157-
1168. 
Pharis R and King RW (1985). Gibberellins and reproductive development in seed 
plants. Annu. Rev. Plant Physiol. Plant Mol. BioI. 36: 517-568. 
References 195 
Picton S, Barton SL, Bouzayen M, Hamilton AJ and Grierson D (1993). Altered fruit 
repening and leaf senescence in tomotoes expressing an antisense ethylene-
forming enzyme. Plant Journal 3: 469-481. 
Ponchet M, Martin-Tanguy J, Marais A and Martin C (1982). Hydroxycinnamoyl acid 
amides and aromatic amines in the inflorescence of some Araceae species. 
Phytochemistry 21: 2865-2869. 
Pontier D, Gan SS, Amasino RM, Roby D and Lam E (1999). Markers for 
hypersensitive response and senescence show distinct patterns of expression. 
Plant Molecular Biology 39: 1243-1255. 
Quirino B, Normanly J and Amasino RM (1999). Diverse range of gene activity during 
Arabidopsis thaliana leaf senescence includes pathogen-independent induction 
of defense-related genes. Plant Molecular Biology 40(267-278). 
Rastogi R, and Sawhney VK (1987). The role of PGR, sucrose and pH in the 
development of floral buds of Tomato (Lycopersicon esculentum Mill) cultured 
in vitro. Journal of Plant Physiology 128: 285-295. 
Reed J, Foster KR, Morgan PW and Chory J (1996). Phytochrome B affects 
responsiveness to gibberellins in Arabidopsis. Plant Physiology 112: 337-342. 
Richmond A and Lang A (1957). Effect of kinetin on protein content and survival of 
detached Zanthium leaves. Science 125: 650-651. 
Rodoni S, Schellenberg M and Matile P (1998). Chlorophyll breakdwon in senescing 
barley leaves as correlated with pheophorbide a oxygenase activity. Journal of 
Plant Physiology 152: 139-144. 
Roldan M, Gomez MC, Ruiz GL, Martin TM, Salinase J and Martinez ZJM (1997). 
Effect of darkness and sugar availability to the apex on morphogenesis and 
flowering time of Arabi do psis. Flowering Newsletter 24: 18-24. 
Roldan M, Gomez MC, Ruiz L, Salinas J and Martinez Z J M (1999). Sucrose 
availability on the aerial part of the plant promotes morphogenesis and 
flowering of Arabidopsis in the dark. The Plant Journal 20(5): 581-590. 
Rubinstein B (2000). Regulation of cell death in flower petals. Plant Molecular 
Biology 44(3): 303-318. 
Sabater B and Rodriguez MA (1978). Control of chlorophyll degradation in detached 
leaves of barley and oat through effect of kinetin on chloropyllase levels. 
Physiol Plant 43: 274-276. 
References 196 
Saiki R, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Hom GT, Mullis KB and Erlich 
HA (1988). Primer-directed enzymatic amplification of DNA with a 
thermostable DNA polymerase. Science 239: 487-491. 
Salanoubat M and Belliard G (1989). The steady state level of potato sucrose synthase 
mRNA is dependent on wounding, anaerobiosis, and sucrose concentration. 
Gene 84: 181-185. 
Salinger JP (1975). Criteria for the evaluation of postharvest senescence of cut flowers. 
Acta Horticulturea 41: 207-215. 
Salinger JP (1985). Commercial flower growing. Wellington, New Zealand, Published 
by Butterworiths Horticultural Books. 
Salunkhe DK (1990). Postharvest biotechnology of flowers and ornamental plants. 
Berlin, New Y orIe, Springer-Verlag. 
Sawhney V and Rastogi R (1990). In vitro flower development of the normal and a 
male setile, stamenless-2 mutant of tomato (Lycopersicon esculentum MilL). 
Acta Hort. 280: 563-568. . 
Scaramagli S, Franceschetti M, Michael AJ, Torrigiani P and Bagni N (1999). 
Polyamines and flowering: Spermidine biosynthesis in the different whorls of 
developing flowers of Nicotiana tabacum L. Plant Biosystems 133(3): 229-237. 
Scharf S, Hom GT and Erlich HA (1986). Direct cloning and sequence analysis of 
enzymatically amplified genomic sequences. Science 233: 1076-1087. 
Scorza R (1979). In vitro flowering of Passiflora suberosa L. West Lafayette, Ind., 
Purdue University. 
Scorza R (1982). In vitro flowering. Hortic. Rev 4: 106-127. 
Scorza R and Janick J (1980). In vitro flowering of Passiflora suberosa. J. Amer. Soc. 
Hort. Sci. 105: 892-897. 
Scott RM (1969). Clinical Analysis by Thin-layer Chromatographic Techniques. 
London, Ann Anbor Humphrey Sci. 
Shi L, Twary SN, Yoshioka H, Gregerson RG, Miller SS, Samac DA, Gantt JS, 
Unkefer PJ and Vance CP (1997). Nitrogen assimilation in alfalfa: Isolation 
and characterisation of an asparagine synthetase gene showing enhanced 
expression in root nodules and dark-adapted leaves. Plant Cell 9: 1339-1356. 
Shimamura M, Ito A, Suto K, Okabayashi Hand Ichimura K (1997). Effects of a-
aminoisobutyric acid and sucrose on the vase life of hybrid Limonium. 
Postharv BioI and Tech 12: 247-253. 
References 197 
Smart C (1994). Gene expression during leaf senescence. New Physiologist 126: 419-
448. 
Smart C, Hosken SE, thomas H, Greaves JA, Blair BG and Schuch WS (1995). The 
timing of maize leaf senescence and characterisation of senescence-related 
cDNAs. Physiologia Plantarum 93: 673-682. 
Solomon M, Belenghi B, Delledonne M, Menachem E and Levine A (1999). The 
invovement of cysteine proteases and protease inhibitor genes in the regulation 
of programmed cell death in plants. Plant Cell 11: 431-443. 
Sorensen JH (1951). Botanical investigations on Campbell Island. Part 2, An annotated 
list of the vascular plants. Cape Expedition Series. Wellington, New Zealand, 
Department of Scientific and Industrial Research: pp 25-38. 
Statistics New Zealand (1998). Annual flower export value. Horticulture News 20(11): 
24. 
Statistics New Zealand (2000). New Zealand Office Yearbook. Christchurch. 
Steinberg RA (1950). Flowering response of a variety of Nicotiana rustica to organic 
compounds in aseptic culture. Amer. J Bot 37: 547-551. 
Taiz L and Zeiger E (1998). Plant Physiology. Sunderland, Mass.: Sinauer Associates. 
Tanimoto S and Harada H (1981). Chemical factors controlling floral bud formation of 
Torenia stem segments cultured in vitro (1) Effects of minerals, nutrients and 
sugars. Plant and Cell Physiology 22: 533-541. 
Tarrago J and Nicolas G (1976). Starch degradation in the cotyledons of germinating 
lentils. Plant Physiology 58: 618-621. 
Tepfer S, Karpoef AJ and Greyson RI (1966). Effects of growth substances on excised 
floral buds ofAquilegia. AmerJ Bot. 53: 148-157. 
Theologis A (1998). Ethylene signalling: Redundant receptors all have their say. 
Current Biology 8(24): R875-R878. 
Thomas Band Vince-Prue D (1997). Photoperiodism in Plants. San Diego, CA, 
Academic Press. 
Thomas H (1987). Sid: a Mendelian locus controlling thylakoid membrane 
disassembly in senescing leaves of Festuca pratensis. Theor. Genet. 73: 551-
555. 
Thomas Hand Donnison I (2000). Back from the brink: plant senescence and its 
reversibility. In Cell death in health and disease. B. J. Oxford UK, BIOS 
Scientific Publishers: pp 149-162. 
References 198 
Thomas H and Howarth CJ (2000). Five ways to stay green. Journal of Experimental 
Botany 51: 329-337. 
Thomas H and Smart CM (1993). Crops that stay green. Annals of Applied Biology 
123: 193-219. 
Thomas H and Stoddart JL (1980). Leaf senescence. Annual Review of Plant 
Physiology 31: 83-111. 
Thomas H, Ougham HJ and Davies TGE (1992). Leaf senescence in a non-yellowing 
mutant of Festuca pratensis. Transcripts and translation products. Journal of 
Plant Physiology 139(403-412). 
Thompson J, Froese CD, Hong Y, Hudak KA and Smith MD (1997). Membrane 
deterioration during senescence. Canadian Journal of Botany 75: 867-879. 
Thompson J, Froese CD, Madey E, Smith MD and Hong YW (1998). Lipid 
metabolism during plant senescence. Progress in Lipid Research B 37: 119-
141. 
Thompson M, Douglas TJ, Obata-Sasamoto H and Thorpe TA, (1986). Mannitol 
metabolism in cultured plant cells. Physiol Plant 67: 365-369. 
Tran Thanh Van M (1973a). Direct flower neoformation from superficial tissue of 
small explants of Nicotiana tabacum L. Planta 115: 87-92. 
Tran Thanh Van M (1973b). In vitro control of de novo flower, bud, root and callus 
differentiation from excised epidermal tissue. Nature 246: 44-45. 
Tran Thanh Van M (1981). Control of morphogenesis in in vitro cultures. Annu. Rev. 
Plant Physiol. 32: 291-311. 
Tucker M and Laties GG (1984). Interrelationship of gene expression, polysome 
prevalence, and respiration during ripening of ethylene and/or cyanide-treated 
acocado fruit. Plant Physiol74: 307-315. 
Veen H (1979). Effects of silver on ethylene synthesis and action in cut carnations. 
Planta 145: 467-470. 
Wada N, Shinozaki M and Iwamura H (1994). Flower induction by polyamines and 
related compounds in seedlings of morning glory (Pharbitis nil cv. Kidachi). 
Plant and Cell Physiology 35(3): 469-472. 
Waithaka K, Dodge, LL and Reid MS (2001). Carbohydrate traffic during opening of 
gladiolus florets. Journal of Horticultural Science and Biotechnology 76(1): 
120-124. 
199 
Wardell W and Skoog F (1969). Flower fOlmation in excised tobacco stem segments. 
I. Methodology and effects of plant hormoes. Plant Physiology 44: 1402-1406. 
Wellensiek SJ (1977). Principles of flower formation. Acta Hort. 68: 17-27. 
Went FW (1926). On growth accelerating substances in the coleoptile of Avena sativa. 
Proc. Kon. Nederl. Akad. Wetensch. Amsterdam 30: 10. 
White BA (1997). PCR Cloning Protocols. From molecular cloning to genetic 
engineering. New Jersey,USA, Humana Press Inc. 
White PR (1939). Potentially unlimited growth of excised plant callus in an artificial 
medium. Amer. J Bot 26: 59-64. 
Wilkie D (1950). Gentians. Robeli Mac1ehose and Co. Ltd, Glasgow, Great Britain, 
The university press. 
Williams M, Nell TA and Barrett JE (1995). Investigation of proteins in petals of 
potted chrysanthemum as a potential indicator of longevity. Postharvest 
Biology and Technology 91'-100. 
Wingler A, von Schaewen A, Leegood RC, Lea PJ and Quick WP (1998). Regulation 
of leaf senescence by cytokinin, sugars, and light - effect on NADH -dependent 
hydroxypyruvate reductase. Plant Physiology 116: 329-335. 
Woeste K and Kieber JJ (1998). The molecular basis of ethylene signalling in 
Arabidopsis. Philosophical Transactions of the Roya Society of London B 
Biological Sciences 353(1374): 1431-1438. 
Woodson W and Lawton KA (1988). Ethylene-induced gene expression in carnation 
petals. Plant Physiology 87: 498-503. 
Woodson W, Park KY, Drory A, Larsen PB and Wang H (1992). Expression of 
ethylene biosynthetic pathway ranscripts in senescing carnation flowers. Plant 
Physiol. 99: 526-532. 
Woodson WR (1991). Biotechnology of floricultural crops. HortSci. 26: 1029-1033. 
Xiao W, Sheen J and Jang JC (2000). The role of hexokinase in plant sugar signal 
transduction and growth and development. Plant Molecular Biology 44(4): 
451-461. 
Yang S, Amaki Wand Higuchi H (1999). Effects of cultivars and ambient 
environments on in vitro flowering in Kalanchoe blossfeldiana Poellniz 
[Japanese]. Journal of the Japanese Society for Horticultural Science. 68(6): 
1170-1177. 
References 200 
Yen C and Yang CH (1998). Evidence for programmed cell death during leaf 
senescence in plants. Plant and Cell Physiology 39: 922-927. 
Zeevaart J (1983). Gibberellins and flowering. In The Biochemistry and Physiology of 
Gibberellins. Grozier-A. New York, Praeger: pp 333-374. 
Zhang Z (1996). Enhancement of the commercial possibilities of Gentiana Spp. by 
micropropagation, vase life extension and clone identification. A Masters 
Thesis, Lincoln University, Christchurch, New Zealand. 
Zhong H, Srinivasan C and Stielden MB (1992). In vitro morphogenesis of com (Zea 
mays L.). Planta 187: 490-497. 
201 
Appendixes 
Appendix A Buffers for protein and enzyme assay 
A1 0.1 M Sodium phosphate buffer 
pH Volume of 0.1 M KH2P04 Volume of 0.1 M 
(ml) Na2HP04·2H20 {m12 
4.0 10.0 0 
5.0 9.75 0.25 
6.0 9.0 1.0 
7.0 4.0 6.0 
8.0 0.5 9.5 
A1 0.1 M Acetate buffer 
pH Volume of 0.2 M acetic Volume of 0.2 M sodium 
acid (ml) acetate {mIl 
5.2 10.5 39.5 
A3 Iodine reagent 
To make 10 ml iodine reagent, mix 0.1 ml iodine stock solution with 9.9 ml dH20 
A4 Iodine stock solution 
Mix 0.06g iodine and 0.60g potassium iodine with 10 ml of dH20. Stored in a dark 
bottle. 
AS 0.1 M citric buffer 
pH Volume of 0.1 M citric 
acid (ml) 
Volume of 0.1 M Sodium 
citrate (ml) 
3.5 
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A6 5 xSDS-PAGE sample buffer 
4 ml dH20; 1.0 ml of 0.5 M Tris-HCl, pH 6.8; 0.8 ml Glycerol; 1.6 ml 10% (w/v) 
SDS; 0.4 m12-mercaptoethanol; 0.2 ml 0.05% (w/v) bromophenol blue (SDS reducing 
buffer, store at room temperature). 
A 7 0.2 M Sodium succillate buffer 
Mix 25 ml of 0.2 M succinic acid (32.6 g /1000 ml H20) with 37.5 ml of 0.2 MNaOH 
then make up to 100 ml by H20 (PH 5.5). 
AS Solution A 
30% (w/v) acrylamide plus 1 % (w/v) bis-acrylamide 
A9 2 x sample buffer (5 ml) 
Mix 40 1-11 Pharmalyte 2D (PH 3-10), 160 1-11 Resolyte (PH 4-8) and 3 ml Glycerol with 
1.8 ml dH20 
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AppendixB Buffers for Native PAGE gel electrophoresis 
Bl Separating gel solution (75 ml for 2 gels) 
30 ml Acrylamide stock (29.2 % acrylamide and 0.8% Bis); 26.5 ml ddH20; 18.75 ml 
separating gel buffer (1.5 M Tris-HCl, pH 8.8, 0.4% SDS); 45 ~l TEMED; 450 ~l of 
10% ammonium persulfate 
B2 Stacking gel solution (30 mlfor 2 gels) 
4.8 ml Acrylamide stock (29.8% acrylamide and 0.8% Bis); 17.7 ml ddH20; 7.5 ml 
separating gel buffer (0.5 M Tris-HCl, pH 6.8, 0.4% SDS); 30 ~l TEMED; 75 ~l of 
10% ammonium persulfate 
B3 Electrode buffer 
Dissolve 57.6 g glycine; 12 g Tris base; 2 g SDS and 0.4 g sodium azide (lower buffer 
only) into 2 liter dH20 
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Appendix C Solutions used in Molecular work 
Cl RNase-free water 
Diethyl pyrocarbonate (DEPC)-treated water is prepared by adding 1 ml DEPC to 1 
litter of double-distilled water (0.1 % DEPC v/v) and stirring overnight at 37°C. The 
DEPC-treated water is then inactivated by autoc1aving at 20 psi for 20 min. 
C2 TAE (Tris-Acetate) Buffer stock solution (50X) 
Per litter: 
Tris base 
Acetic acid glacial (glacial acetic acid) 
0.5 M EDTA (PH 8.0) 
242 g 
57.1 ml 
100ml 
C3 DNA Molecular Weight Marker (Hind III digest of ArDNA) 
(1) A-DNA digest stock (0.25).tg I ).tl) 20 ).tl (5).tg) 
(2) 50 x TAB buffer 
(3) DNA loading buffer (Type III) 
(4) Sterile dH20 
Total Vol: 
C4 DNA loading buffer (Type III) 
1.4 ).tl 
11. 7).t1 
36.9).t1 
70 ).tl Store at - 20°C 
0.25% bromopheno blue, 0.25% xylene cyanol and 30% glycerol in H20 
C5 Electrophoresis buffer (1 xTAE buffer) 
To make 250 ml: 
Mix 5 ml TAB stock solution with 245 ml dH20 
C6 Blocking solution (1 x) 
1 % (w/v) blocking reagent (Boehringer Mannheim) in maleic acid buffer (0.1 M 
maleic acid, 0.15 M NaCI, pH 7.5) 
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C7 Antibody solution 
Dilute the Anti-Digoxigenin-AP (Boehringer Mannheim, 750 units/ml) 1:5000 in 
blocking solution 
C8 Washing buffer 
maleic acid buffer (0.1 M maleic acid, 0.15 M NaCI, pH 7.5), 3% (v/v) Tween 20 
C9 Detectioll buffer 
100 mM Tris-HCl, 100 mM NaCl, pH 9.5 
CIO Colour substrate solution 
Add 100 !J.I ofNBTIBCIP solution (Boehringer Mannheim) to 5 ml of detection buffer 
Cll RNA dilution buffer 
Make following proportion DEPC-treated ddH20 : 20x SSC (3 M NaCI, 0.3 M sodium 
citrate at pH 7.0) : formaldehyde = 5:3:2 
Cll Pre-hybridization solution (high SDS hybridization buffer) 
7% SDS, 50% formamide (deionized), 5x SSC (0.75 M NaCl, 75 mM sodium citrate, 
pH 7.0), 2% blocking reagent (Boehringer Mannheim), 50 mM sodium-phosphate (PH 
7.0), and 1 % N-Iauroylsarcosine 
C13 Washing solutioll (2x) 
2 x SSC (0.3 M NaCI, 30 mM sodium citrate, pH 7.0) containing 0.1 % SDS 
C14 Washing solutioll (0.1 x) 
0.1 x SSC (15 M NaCl, 1.5 mM sodium citrate, pH 7.0) containing 0.1 % SDS 
C15 Waslling buffer 
maleic acid buffer (0.1 M maleic acid, 0.15 M NaCl, pH 7.5), 3%(v/v) Tween 20 
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AppendixD Programs for running peR 
Dl Programme TED I 
This was set specifically for running RT-PCR when using primers AD1 and AD2: The 
temperature profile was set as following steps: (1) equilibration at 50°C for 30 min; (2) 
denature template at 94°C for 2 min; (3) denature template at 94 for 30 s; (4) annealing 
at 60°C for 30s; (5) elongation at 68°C for 2min; (6) the cycle number was 40 from 
step 3 to step 5. It took about 7 hours to complete the reaction. 
D2 Programme TED II 
This was set for running PCR particularly for amplification of DNA: (1) heating at 
94°C for 2 min to denature the first strand products; (2) denaturing at 94°C for 1 min; 
(3) annealing at 60°C for 45s; (4) extending the DNA at 72°C for 2 min; (5) carrying 
35 cycles from step 2 to 4; (6) end. 
pH 
8.0-
6.8-
5.8-
4.5-
1 
Appendixes 207 
AppendixE Isoelectric focusing 
2 3 4 5 6 7 8 9 
Isoelectric focusing of a-amylase isozymes from parts of open G. trijlora flowers 
after 24 h pulsing with water, 3% sucrose or 0.5 roM STS 
Lanes 1-3: extract of petal from flowers pulsed with H20, sucrose or STS, 
respectively; lanes 4-6: extract of sepal from flowers pulsed with H20, sucrose or STS, 
respectively; lanes 7-9: extract of reproductive parts from flowers pulsed H20, sucrose 
or STS, respectively. 15 III enzyme was loaded in each lane on the pH gradient gel, 
focused and stained for amylase activity with iodine reagent. 
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AppendixF Concentrations of DIG labelled DNA 
Fl Concentration of DIG labelled DNA by Klenow enzyme 
Dilution steps Stepwise dilution in Total dilution Final 
DNA dilution buffer concentration 
(a) 5 ,ull 45 ,ul 1:1 1 pg I ,ul 
(b) 5 ,ull 45 ,ul 1:10 0.1pg/,ul 
(c) 5 ,ull 45 ,ul 1:100 0.01 pg I ,ul 
(d) 5 ,ull 45 ,ul 1:1000 0.001 pg I ,ul 
(e) 5 ,ull 45 ,ul 1 :10000 0.0001 pg I ,ul 
F2 Concentration of DIG labelled DNA by Taq polymerase 
Dilution steps Stepwise dilution in Total dilution Final 
DNA dilution buffer concentration 
(a) 5 ,ull 45 ,ul 1:10 10pg/,ul 
(b) 5 ,ull 45 ,ul 1:100 1 pg I ,ul 
(c) 5 ,ull 45 ,ul 1:1000 0.1 pg I ,ul 
(d) 5 ,ull 45 ,ul 1:10000 0.01 pg I ,ul 
(e) 5 ,ull 45 ,ul 1:100000 0.001 pg I ,ul 
